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Filed: February 27, 2004 

Office action mailed October 2, 2007 

Response filed November 30, 2007 

REMARKS 

Claims 1-24 are pending in the Application, and all claims have been rejected in 
the Office action mailed October 2, 2007. The claims 2, 17, 20, 21, 23, and 24 are 
amended to remove the word "further" from "further comprising" or "further comprises." 
Claims 19, 20, and 22 are amended to correct typographical errors. Claim 22 is 
amended to clarify that registration of a call-back function is associated with a server. 
This is disclosed, for example, by claims 1 and 16, and paragraphs [0042] - [0046] and 
[0048] of the specification. Accordingly, the Applicant believes that the scope of the 
claims is not broadened by these amendments. Claims 1, 16, and 22 are independent 
claims. Claims 2-15, 17-21, and 23-24 depend from independent claims 1, 16, and 22, 
respectively. 

The Applicant respectfully requests reconsideration of pending claims 1-24, in light 
of the following remarks. 

Information Disclosure Statement 

The Office Action states that reference 53 was not provided, and that references 
54 and 56 did not include English language translations with the Information Disclosure 
Statement filed July 19, 2007. The Applicant hereby submits a copy of application EP 
0717353 from the European Patent Office. Application EP 0717353 also published as 
Japanese Application JP8255104 (reference 53). Therefore, Applicant respectfully 
submits that an English language translation of JP8255104 has been submitted to the 
Office. 

The Office Action also states that English language translations of references 54 
(Japanese Application JP 11272454) and reference 56 (Japanese Application JP 
11345127) were not provided. With respect to reference 54, Applicant respectfully 
submits that JP 11272454 also published as US Patent 6,199,204. With respect to 
reference 56 (JP 11345127), the Applicant hereby submits a copy of US patent 
6,334,212, which claims priority from reference 56. 
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Rejections of Claims 1-24 Under 35 U.S.C. §1 03(a) 

Claims 1-24 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over 
Yang et al. (US Patent Ap. Pub.2003/0065738A1 ; hereinafter ("Yang") in view of Gauvin 
et al. (US 5,790,800; hereinafter "Gauvin"). The Applicant respectfully traverses the 
rejection. 

The Applicant respectfully submits that the Examiner has failed to establish a 
case of prima facie obviousness for at least the reasons provided below. M.P.E.P. 
§2142 clearly states that "[t]he examiner bears the initial burden of factually supporting 
any prima facie conclusion of obviousness." The M.P.E.P. §2142 goes on to state that 
"[t]o establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation, either in the references themselves or in 
the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. The teaching or suggestion to make the 
claimed combination and the reasonable expectation of success must both be found in 
the prior art, and not based on applicant's disclosure." 

Rejection of Claims 1-15 

Independent claim 1 was rejected under 35 U.S.C. §1 03(a) as unpatentable over 
Yang in view of Gauvin. The Applicant respectfully traverses the rejection. 

With regard to the rejection of independent claim 1 , the Office Action concedes 
that Yang "fails to explicitly disclose: [ ] based upon a prior registration associating the 
one of the plurality of servers with the one of the plurality of software components 
making the at least one request for service." Page 4. 

However, the Office Action states that Gauvin discloses in Fig. 1 and column 3, 
lines 56-58, and lines 65-67, what Yang fails to explicitly disclose. The Applicant 
respectfully disagrees. 

Figure 1 describes "a block diagram of a distributed computer environment 
including a mobile client computer configured according to the principles of the 
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invention." Brief Description of the Drawings (column 3). It can be seen that Figure 1 
does not disclose "a prior registration associating the one of the plurality of servers with 
the one of the plurality of software components making the at least one request for 
service." 

Lines 56-58 and 65-67 in column 3 of Gauvin state: "The server computer 111- 
113 and the gateway or router 120 are made of standard hardware, and are configured 
to provide computing services to multiple client computers... the mobile computer 110 
includes a communications manager (CM) 200 to provide connectivity between 
registered mobile client applications 210, and the fixed servers 1 11-113." The Applicant 
respectfully submits that this citation does not disclose "a prior registration associating 
the one of the plurality of servers with the one of the plurality of software components 
making the at least one request for service." 

Rather, what Gauvin appears to disclose is that the "registered applications" are 
registered with a registry of a "standard operating system ... e.g., Microsoft Windows 
3.1, and Windows95, NT, etc." Column 3, lines 44-47. This is based on the result of a 
search of Gauvin where the only places where the Applicant was able to find a form of 
the word "registration" were in column 4, lines 17-19, and column 5, lines 26-29. 

For example, in column 4, lines 17-19, Gauvin states "The processes of the 
communications manager 200 are exposed to users of the registered applications 210 
in two views: a set-up graphic users interface (GUI) 220, and a manager GUI 225." In 
column 5, lines 26-29, Gauvin states "This infrastructure can use windows message 
passing, and callback procedures of the interface 226 to notify the registered client 
applications 210 of connection events." 

Accordingly, it can be seen that Gauvin does not disclose "registration 
associating the one of the plurality of servers with the one of the plurality of software 
components making the at least one request for service." If Gauvin specifically 
discloses "registration associating the one of the plurality of servers with the one of the 
plurality of software components making the at least one request for service," the 
Applicant respectfully requests a specific citation. 
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Based at least upon the above, the Applicant respectfully submits that the Office 
has failed to establish a prima facie case of obviousness, as required by M.P.E.P. §2142, 
and that the above rejection of claim 1 under 35 U.S.C. §1 03(a) cannot stand. The 
Applicant also respectfully submits that since claims 2-15 depend from claim 1, claims 2- 
15 are also allowable. 

The Applicant respectfully requests, therefore, that the rejection under 35 U.S.C. 
§1 03(a) be withdrawn for claims 1-15. 

Rejection of Claims 16-21 

Independent claim 16 was rejected under 35 U.S.C. §1 03(a) as being 
unpatentable over Yang in view of Gauvin. The Applicant respectfully traverses the 
rejection. 

With regard to the rejection of independent claim 1 6, the Office Action concedes 
that "Yang fails to explicitly disclose: [ ] based upon an association of the one of the 
plurality of service providers with the client-side component that made the request." 
Page 10. 

However, the Office Action states that Gauvin discloses in Fig. 1 and column 3, 
lines 56-58, and lines 65-67, what Yang fails to explicitly disclose. The Applicant 
respectfully disagrees. The Applicant also notes that claim 16 is rejected for the same 
reason, using the same citations, as claim 1 . 

Accordingly, for at least the reasons stated above with respect to rejection of claim 
1, the Applicant respectfully submits that Gauvin does not disclose "based upon an 
association of the one of the plurality of service providers with the client-side component 
that made the request." Therefore, the Applicant respectfully submits that the Office 
Action has failed to establish a prima facie case of obviousness, as required by M.P.E.P. 
§2142, and that the above rejection of claim 16 under 35 U.S.C. §1 03(a) cannot stand. 
Additionally, the Applicant respectfully submits that since claims 17-21 depend from claim 
16, claims 17-21 are also allowable. 

The Applicant respectfully requests, therefore, that the rejection under 35 U.S.C. 
§1 03(a) be withdrawn for claims 16-21 . 
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Rejection of Claims 22-24 

Independent claim 22 was rejected under 35 U.S.C. §103(a) as being 
unpatentable over Yang in view of Gauvin. The Applicant respectfully traverses the 
rejection. 

With regard to the rejection of independent claim 22, the Office Action concedes 
that "Yang failed to explicitly disclose: registering at least one call-back function 
available in the software component; communicating, to the service broker, a request 
for updating of at least one of the software component and software component 
configuration; receiving results from a remote service provider; and invoking the at least 
one call-back function using the received results." Page 13. 

The Office Action then states that Gauvin discloses in column 5, lines 24-30, "call 
back procedures to notify the registered client applications 210 of connection events. 
(FIG. 2, #226)," and proceeds to explain its reasoning for rejection of claim 22 on this 
basis. However, while the Applicant traverses this rejection, the Applicant has amended 
claim 22 for clarity in the interest of furthering prosecution. 

Accordingly, for reasons similar to those put forth with respect to claims 1 and 16, 
the Applicant respectfully submits that Gauvin does not disclose "registering at least one 
call-back function available in the software component, wherein each of the at least one 
call-back function is associated with a server." 

Based at least upon the above, the Applicant respectfully submits that the Office 
has failed to establish a prima facie case of obviousness, as required by M.P.E.P. §2142, 
and that the above rejection of claim 22 under 35 U.S.C. §103(a) cannot stand. The 
Applicant further submits that since claims 23-24 depend from claim 22, claims 23-24 are 
also allowable. 

The Applicant respectfully requests, therefore, that the rejection under 35 U.S.C. 
§1 03(a) be withdrawn for claims 22-24. 

Conclusion 

In general, the Office Action makes various statements regarding claims 1-24 
and the cited references that are now moot in light of the above. Thus, the Applicant 
will not address such statements at the present time. However, the Applicant expressly 
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reserves the right to challenge such statements in the future should the need arise (e.g., 
if such statements should become relevant by appearing in a rejection of any current or 
future claim). 

The Applicant believes that all of pending claims 1-24 are in condition for 
allowance. Should the Examiner disagree or have any questions regarding this 
submission, the Applicant invites the Examiner to telephone the undersigned at (312) 
775-8000. 

A Notice of Allowability is courteously solicited. 

Respectfully submitted, 

Dated: November 30, 2007 /Kevin E. Borg/ 

Kevin E. Borg 
Reg. No. 51,486 

Hewlett-Packard Company 
Intellectual Property Administration 
Legal Department, M/S 35 
P.O. Box 272400 
Fort Collins, CO 80527-2400 
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jL-e, /-f-^3 V2;WJifc$:ftfc£fcK&4 0 
[0 0 15] Mgfriifgfe 

BlCfcjjS$*i4^— ya^Ktt, 4 3 ttr 

BS#«\ 1 6 3i**&flias*L-cv»fc. 
L, 6o«^|:li2 7^7^^fi# (COPY 
fc ADD) **^-ijLTV»fc 0 &&&t&X&£l/U Y 
LLX 3- Kft L*«*-, 7-b-^tt, 2 7 + 

6S4=, t4*>%, 3 3jt^t44o 3 3£#:£Sifit 
Wf, 1 6 3tt*ttLMi&tzifr<X*MK.mtiP 

[0 0 16] gegjltcoviT 

±.iaw«jtosi^ tt wjjuca^fc * a -cfc i) , *i&m<o 

^So-r^Tt^Lrv^tJitr-tt^v^ EI2-ett, 7 
7 ^KM1"4 2 o^y^-j; 3 ><om^ *i-*J 3 > 1 

ti(ft*-fi-*>*-CA-y 3 > 2 5 i 9 K1"4 

W^aflRJ *^Lrv»*. EI3(0#SS§-ett, « 

*ftl«ttT, *SjS*4o«»LT*<i3!*»*4. 
Jiolt, 4r^t-^a ><0#**tt, El2Alc^Ji 

3VIOM, Taj ttffiSOSr^LTV^o 

SlDfiO TbJ ttfi«l**#Lrv»4*T?*4. »~ 
(C, M-ya>2«0#t#»t*tL^Stt, /<-va> 
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ojisWiErt* Ti 5 J -c*4 > 2 «i 

T16J *»&BJfrt*£te4*. iRHfc, #4** 

a«EfM*^trv»* 0 *hk, [mmmmmi t4, 

mADDtCOPY^So^ £<02«iiOffr 
[0 0 17] ifrfrl 

4, TCOPY4 0J !4, [A-y'a 

> i coffin i*»?><&* *>£S&*'<- y a v 2 o#w v 

»Wffig{C 3tf— fri:J *jj*l/tv»4. (TfftWl§(4, 
*VCV>4„ ±BO*Vett, /*-y»V2«fWtK*W 

4v>fc*5e$*i4;fc*, n>-y3>2WMi:fffltl 
4fl|*tt--fi»4£i:**e&4v». #£(4, JBLToa*) 

COPY DHt H&ffifi] 
[0 0 18] frfr2 
H2CT-f4, ^2^*1fS^o ^ TADD 2 
x, yj 14, *3I±, Tx.i:i0 2.i**^^>^Offi 
■ t^K/f-yaVZfcjajJtfiJ tSB*LTV>* 0 
i to^T-(4, A- a > 2 ©ftjfcfcJB v> P> ttS jt** 
**e#*&*TV>4. #g#(4, /<-i?a 

(4, #tfc£ffi#M*fc (flWHt-fil* 

*4v») COPY«*fcaW-fCfflv»6tL*it*^?B 
SiL4fc*, $£#<4, 2 CowcWOHft 

*L*#4£fcttft<#». fc**jJ»t>e>1\ afcttUtt, A 
D D*$-0 »4* nHBfe&flt IRJ it* *fr 4 * *) 
#Jitt*5, #S#I4, /t- 5? 9 V 2 * 

*>4V>{4, ADDH« 
SfoW**K:&4£!:**4o »«#CHfcADD* 

So ad D#*o**ttttToa u a o 

ADD [fffk 1*3*?] 
[0 0 19] fr-fr3 

02D-CI4, 4^-3 aWISff **tTV»a 0 ^ TCOPY 
6 2 0J (4, *3U:, &<0|*!#£3*L"CV»4o ffift 
2 0 fc^vyfcOfflK^AgfcJB^T, ft§#6.S: 

3tQ 3g- frfE)feU >^OffiSlw3lf-L3tA* 

xyxyiytiS. (SUWffiJfcLT, C0PY5:t? 



(5) ^¥8-2 5 5 1 0 4 

TCOPY 6 1 9 J tL-C&itlf, **±, 

#s-5g*L-cv>j& 0 a mi 9 (2o-e{44H t*^ v 

£co*§£\ tan 9t^-Y >^tome*4S:*91lttd 
xy?*4C:fc7&»e>, ©ffi* fcfj- WHO x. S> 

A#:(7)^OT4 d x y d x y t ft*. ) 
itO^«0*#, /<-V 3 > 2 0fl9fcfcJBV><b*t4 jt* 

iO oT, C0PY^I4t&^$tl7t7KV^^ioT2o 
07»-*iIH6fflLTV>4£fcj&*:bji»4„ iO^f 
14, TKVX (1-fc*>*>> TCOPY 6 2 0jco 
T2 0J ) ri s > A-y3V2^UV'S (-ffc*^, 
7KVXI41 5 £±114) o LWoT, /<-5>hV2 

1 5JSLTT?**t{f, ^-VHVl^f-^fJSttTfflV* 
6*L4tt-f"C*4. £0O#&£JEv>4fc, **±, AD 
D*^tttfflLr*B»taai-J-4ifc38^?ft*. Lfc 
**oT, (a) Vl©tjifcft<, (b) J£3I$ 

> 2 fC-t-f tLT V» 4 i t ^HJJ t, jWcfc o 7tii-g\ COP 
Y^*^fflT?S4„ Lfcrt^T, ico^-g-cOCOPY 
f^UI*20COf!|^ f *4o ttfcott, COPY^f 
(4, jk*rol6»fcB*&Mt*+«ttT?*l:«)S*t# 
At4ifc7» J T'^4 0 ADD^Srffl^Tt^, 
aS«Sit4i*S#*ia!fc-J-4£f:*»fe, J:^ftv»» 

19, COPY^K(4-tOOl*«l* t ^-*tfCV^v»it 
30 K£4„ 
^±4 

02ET-(4, ^4^*=fT$^T^4 0 TCOPY 
• 5 9 J (4, #*±, p^-^ 3 > 1 <7)ffitt 9>t>*& 
^4 5t^ Jtf- ^J:J £f;L-CV>4 0 CfO^I4, 
<HH t i <Wrv»4. 
[0 0 2 0] H3cp-/a-fe^t;BI1-4#M»]S 

mi t <D%i&&t>itfr h /<- y 3 v 2 «iW4 yn-fc 
^*^fCV>4o 03t?{4, 2fi 1 ilc4JViT, H2B~ 
40 02EK^§*fCV»4#-f >^OtHt^fflV»ibit4SEj»: 

co*»»'fk*«ffibtLrv>4. ^'fv^otWtt, 9ft 
1, I3ffl, *J:0'i4lTl-«tt1ffcitrv»4. 

h 2 $ ti4 r^^»a««u i (copy 

4 0) (4, H3©1 3*?B"e*ff3ivCV»4. SSftp 
(4, il*&f'-5'<7)TOfiSSr^Lr4JlJ, i^-Otp^t) 
f#S:M s T*^ 0T-£>4„ pl4n (12^ 

1) £*) i/h$V»it*>e>, r-^ilttA-ya VI K 
$,4 0 -g-W^S*, I F£K i 1 3ff i*«)«f **L4 
50 fc, /t-Va Vl*»6f-^**a^-Sit4o i«t 
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442 

442 (ADD 2 x, y) 14, 8ff§0 1 Fjfcfci 

c*>tt1Ii::*Sft3s (2K*U*) ^AiRgjWBbgS 

*t£ 0 1 6ffl"C!B(lfS*t*o 

443 

443 (COPY 6 2 0) tt, 12ffg[p (44 

Mb LX'<-*J* >2 *fljv\ /t-y g >2 + c*6H 

(*ftstt[#-f >*-2 0]KJ:9»6*L, 2 0 
a^tt*4* bffbiit. ) 
444 

444 44 J: -9^1 3ff§^i3v^r*tfStL 

& o 

[0021] Jll&llliofEJi 

6 / t- V ■ > 2 ft * J: -5 ic+ 4 -ao*^ftft 

4-*H»fc*ftfcov»T, JftTfcKW+4o 
*f*J*^ A-^g V 1 0&Srt*ffib*L£o 

TNoJ Tr*4 0 LiWat, ftffioti, |"*?rlJ t 
*£2 

«ff2T?tt, a-KKJoT, J: 7 4KB, +4*> 

1 « 4 x^ox^mmoim^m 

»± TNoJ Tr&ij, ttfii tc7 9^ J iitrt.tL4 0 

n»t, 7 7 trtf&m. 2 ai. mm 3 mm* *u ea 2 

F ©sUfr 4 O i d H 7 9 ifffiLX btl&o 
[0 0 2 2] jiffs 

tt, a- Kfc* rwt4fr&*&*4 4:fc3:0>5: 

wom.frhm 4 4 -s&w&m t -at*-* 

*>*»4 * $ K, 'fiS0lCi3V>T, TYe sj t? 



(6) #H¥8-2 5 5 1 0 4 

iO 

Stt4(Cli7 9^* s *^$tt-f, EXTENDS 
ft (H5«5l 6lfi) jWimSftT»fWfrfcit*. 
EXTENDMftli, HSLfc£53l|0*$*»fc4. 

ttfl«4-- 7 fc*»TV»4 &OffiCf*> ft* 

fc4o &x.»±, ^ffTA^^WiTC, TYe sj 
T?*4„ ^tc, -ftLfc7'ny5'0 2#B«e:ffi-tft=b 
*>ffifll 9 K, 4OTffl<a&afcEC40;&**4;&»£ , -5jJ^ 
JO b5 0 ttffT B J: dfc, TYe 
sj -c&4 0 ioffivtt, -g-oi^ifc-ifc^tti^ttft 
< 44Wtt e KttftraHtt* f -e^fr$*t4„ Lfc 
^t, EXTENDMfti±> ea4-esi ItTO 

rUffSOifS*] <0^<T> TBCDJ K79W 
:£T?>ti4 0 
[0 0 2 3] jgff6 
*f?6tt, fill 12 (fWC*4e) *»6»ta4jt 

20 *oiff«t:^U;tl*«i 4 4 jt*o*^?iJ 

[0 0 2 4] 

Ba - 2FOTi5»:ft#««^s*L"cfio, r^#j tas$ 
ttTv^o *c-c, as4i*»c-3HT2jfluaTeiWi 

s V 2 W{«tCffiV> f, *l*3IO'OH*6«»t-Cft < , *7 
JO -Cf>tL4v»H^$)4 0 A-va>2 0fN^{rfflv^tL 

tu4it^f), &fo<7)$i%9$n ittmzix&o 

[0 0 2 5] /1-i?a>2<Oim 

ii*o 3 -net I), BB2GK*#titv»*ttBl 6, 

17, 18, is J: VI 93i>l9*&*4 4A#:^t) f * t JaiKf 

4 0 6^'b*&$4 45;^coafeo f /isfi:fio^'9j&s 

fcto, E!2GO±SU^S*l-CV»4J:-9C, ffl7, 

18, iSiVl 9lC79^/4 f 3ir^tt4„ EXTEND 

Mteat, aai**LfcHBt!j^<iwij**Lav» 0 us© 

3-F(4, 2 9fflK^V7'U, E2tcffl-C<4± 
IBO TCOPY 4 0J *^t«ff1-4. 

3**^79^**fi:T?»*Lr*U, COPYfW^ 
50 S*iTV»4. fc!SU Cii.'907 9^/i> I 3:Tibit7tjt#: 
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[0 0 2 6] mf5 

05©3-K-C(±, (@2G© T*ff5j fcg^SftT 
v>5i«/t-5;a V2K&4) ffitt2 0tf»fe*&t44:fc 
JfWjfcUTxyxyJ !WI(r©tt|t*»?>»**t»Ot-a 

v 2 &7?rtf»fe«$*w$&t 

S„ $fefc, ^yyifizis^x, 3- Kicio Tiltff&M 

fi, f6!Mt£EI47t*!>, T-©!fti£T*!4j£<fetLT 
v»«*». ) £*©&§KI4, B2GW|ltT5i:J:cTS5 
ih.TV>*o **tt, (a) ^77^>f>WU (b) 

SWrT 1 2 ©1-^T©4£#:©*lW$£S£*l4o $ h 
fc„ A-v*3>2©79^££Tfe*l£e§, ■*■**> 
*>, ®m.l 7, 18, 1 9, &£V l 2 0?J»fe, mtt 1 ) 
4tBlfiWT*»ti.* 0 -lta s tfcttJ $ ftfc * o -I fc * fe , 
ft«2 0 K&4 x K7 y rWSLX fett4 0 
[0 0 2 7] mf& 

fefc*****©^ TyxyxJ **tt©fii:1t!8»fej&* 
StOfc-gfcLT^S^fd^teSo &g 2 0fcOV> 
Tli, i y3>2Kftfcf2>'bV> #7 7/* 

felWttl^fflea- &&<07nr<D 

[0 0 2 8] <tfr7 

6tt**4X*O*0 r Tx y x yj *«Hr©tfc11*»&*&* 
Otfivr TYesJ T?i&4. £©£#, |2HC^S 

*L4idK, fiE2 2fc7?* r tti:Te>ivj\ exte 

NDMm (05© 1 6ftE) *»A**ft4. £©EXT 
ENDitfli, HBFtBIUraKfeiifcSffiKJ: 
*K -a**H2H©&fi2 7i-e^LTV»*fcJpJBf$tL 

dS:fe*fcSr-5. £©fc£, Bia±, H5©2 9f?Bfc 
it*, 200#t TADD 2 x, yj fcitf TCO 
PY 6 2 0J HHUffZM. (2 9=JtE©5I^S: 

TaddJ fcitf TcJ ti, ADD^KM-f 4 4©T? 
*&, Tp o sj ££V> n enj 14, COPY 

^{cBg-t-S*©-eat)So ) 

[0 0 2 9] Hfi=8 

fi|2 8 *A*©*0' ["bed 

e J tm<r>$m.frh%it 4 <t> © t -S: LT V» S t*-p *> 
#fe4 0 &xJ±, /<-?>■ > 1 (EI 2 G©£±*#SB) 
©ftg9{C*}WC TYesJ T-ifeSo £«VtN EXTE 

NDMfcWifltiSiu Hfrra&iEfc* r f J a x-mv* 



(7) 5 6 1 0 4 

i2 

</»T, ^ TCOPY 5 9 J ^ff-f-So ittt?, 
B2©4o©^W«fW!*ii*:Ci:K:ft*. Ltz&i 
T, /N*-->*3 > 1 7"7Xl^l5n-/3 > 2 ^S7CT* 

§4o 

[0 0 3 0] 

flrtE©l»JjJ»fe, * 
-IE, *4fl*mfcHfcLfc*tf**LTv»* fcwfl 

10 ©ijSS, %S-C*£>4fc©SiSeJ:>), &S1*4fflI£33 

*) SSiffilliWiWtSft*. tit, 2 (*, 

2WW>T~-9M* "f (a) A-y* 3 Vl^ 

tt/<— ys^^feBtf-Sftfcjt^JTfl, (b) M-5/ 
a > 2 efittSftfcfcfflfc: i $ fee, 

©Ii.6><b, S-i-W^'-yaV 1 £1$#LTV>4 
ifc, Diza- 9*jJ*/<-s;b>i b/i~*Ja>2 

20 £MJ LTV>ti(f, tt, /<- v 3 > 2 ©«S5 

(a) ^-3.— f«)/<-7 3 > l^fese-Lfct© 

(b) *-3.-y©/<-3>a V 1 tC#ltJDx.fett7tt© 

(c) <f©A-vr 3 >2©^S*fe3tr-$*L 
Ttt© 

[0 0 3 1] #7 5^«^?ttfce:«* r , *lf 

art©l»©(M&jft**L-cv»4. iWcSmtSaf* 1 
01 A*w75$tt-CV>4o L*»U IllA«ffl^Htl± 

30 ibX& < ©^^^©J^tLt LT^4o Wx.li, /n*- 
-7 3 y 1 *»JEHT©a "5 -C** 1 14 0 
abcdeFghijk 

*A*©F (tt*6) 9 ^jWfrt *© 

f fg fgh fghi fghij 
f g h i j k 

±ia©*y f (i, mo y 9 vm^ z ntzimt&tr ztw 

- v 3 > 2 ■NOa f-jl^t iS^tOt^^ti !: 
40 i*iJ#4o i©fc*, w©i-5^79^i?^$tLfctt 
tt^#&©COPY^lc||jLSitfeab4o 

tcopy 3 6j «±, rf ghj *3tr--tsit 

***LTiJl), ife, TCOPY 5 J 14, Tfgh 
i jj *3t?--t-4it*i£i*L-CV^ 0 
[0 0 3 2] «^jg 

t-eiciE^iif), ADD^KIi, /<—>*3>2©rt 
#KH+*flWH**fr*.vCil»U i©±o^1fiiei±, 
«Wffftt*«j8WC**. «*ffiH© 1 ^feWH 1 J 
§*LTV>4 0 /t-y 9 > 1 rttc*-f v^* J < 4 i -5 ic, 
JO iifi3*l.fcm2©ADD B ir^ ( TADD 2 x, 
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yj ) *H»ESii4. 4BESttfc#*M\ 01 J »= Hi 

T2J TcJ **LTV»*. JfcC, aHt**lfc 

1MR TxJ fcitf TyJ tat^'f b) 

r c j t*&4 * r- * t o^Hbewafii^ fc e» ^ 

TADD 2 2 J T^JMl 

fl»W» Mfli^-v'3> l fc£ 

[0 0 3 3] 0 IK 056*fc* iftMSiifcfWi'U'fr* 
ft* ^^r— a > 1 !*JC0RI C-r-*— 

r c j n&t £ r- * fc ojMfeftS&ssfDa'fc 6 it 

mWffl* t £ £. t ± 0 aG©»*fls«+* jftfcfUE L 

ADD 2 2 [EX-OROfe*] 
ADD 2 x, y 

[0034] aggyg 

1. COPY^itKADD^^tLSfllffli, 

J; «? «7- KsWfeJ* $ ti\m&tmztiz a 7 ^ to i 

7 n -tx ± o T v a v 2 o&IW&a t 
H2B-H2E©«tK0, 

1. *«J<0 Tab c dj (02 B) ic##&£;ix 

rabc dj l±> /^-^a VI it^t<0Tf 40 

2. rxyj 3WH»S*t* (H2C) . fx yj 

3. TxyxyxyJ OJS»*«fi i *?it& (EI 2 
D) o rxy xyxyj M\ >*-V *y 2frh&hil1t 
6OT*io (ftfrflfc* 4$.<S> TxyJ a > 

lfr&Mlu T^^irtsit kt>§So t 

4. rb c d e f J 0*fttf*fffrit& (H2E) 0 Tb 
cdefj l±, ;<^a>lHfffcti«5t*So 50 



#M¥8-2 5 5 1 0 4 

14 

[0 0 3 5] 2. 8 feC, ±E*>*S*3[1£HU # 
< 0 ZOtz!b, BrS^COPYifcliADD^Hcov* 

ne-^iiin^f9/^v3>2rtor k^**, 

s D (e:^J:^ftft«K»^*#^^^«fl«WJbii 
TV>*£fc*&* El3 0n-KtcioTO^StLTV^ 

So ) 

[0 0 3 6] 3. #»Wtt, tt*OWJl«3 , f'-*7T>r 
^MfrtSI&KffifflT^ f^|>77^WS 

Ify h**#*jtTvi*£i:*6^ 2 8, W*,, 2 5 

g^rig^2 5 6^a*-fr*)*#^^TfltfflstL*o *» 

[0 0 3 7] 4. *ftS8J4, |B1g$tLTV^A-y3> 
1 *6/t-y 3 > 2 OjMi»^OflBclM^tlR6*t4 4 

^a>^#*E«1-aOTS4&<^ ADDiSirKC 
0PY**tfflv*rHiBfKBa*1'*c:fc* | T?S*0 - 

4 o 

5. ffi5c**L*7r-f^^-ya>^ *O^Fjfl[tcJ3 
[0 0 3 8] ftff±OKW 

T> Hi, BflU fiiW^E'Jflof-^ 
1 1 o r»*ft fcffiS-c » & «/ho g$*li-c£> 
So rr-*7r-f^J fcv^Wtt, ^^^±KIBtt 

So v-^avtr*-* (flIRAtWISi) ±"C 
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(4, T - 9 <D 2 OOA- V 3 ft A- V 3 > l * J: 

^Vt-v* 3 > 2 **Jt«SftT^ ^-v* 3 >. 1 t/t-y 3 

if*-* (i«nww) uas«*ft*o 

[0 0 3 9] <3Bflatirtto3-^ ^ytfJ-f^f 

##&iJ3 K J: 5 ft* $ itfc *3g»lif«tt, 2 

§*iTVft 0 /i-*j9>209Bcmty COPY^W-K 
J: 19 a If - JWfc k 4 ft f - * om^t" ft -fe V* > h Oft 
*k*Sj6*£***i, ADD^*=i0aai*f*fc4ft 

> 1 # J T a b c dab cda bed efghj 
O/t-f h O&mz ± IJ#j££tlTV>ft 2 oof- ? 7 7 

^ow^LTv^ft < +ft 

X^-*£#ALTV>ft) 0 A-V3>2li, Tabc 
d x y x y x y x y bedefj Ofltt: 4 

6, M-ya>20«ttl 7hiom 0 H2KS* 

s *lt ft ss^&aiw*^ «u y 
a > 2 tuns ^-ciwt ftft^WTj^stt-cv* 

it, 3 > 2 Ofi§{4^- v> 3>10*SHa- 

KftStufttv^ftftftJOTUT^fto ffl*.lf, H20 
^te3Hf#0®=0^i, 2 0 k LT3- KftSti 
3 > 2 Of£fi 4*&06/^>tn tf-1" ft C 

[0 0 4 0] 03 -eii, -ttfc:M-5> s >0)&3Hmrt> 

3>20Hftf4:* TcJ fcoWRsfrffto sffirtt, 
5 fr 1 w > K* r 7 r 4 A^tfftlH $ 1 6 ff 
I^TI-ft^-^fcMjfrtfto 4tfH-ett, Mifcre 
a d i n s t () fcffrmLT*^*tt*W« 0 71TE 
"Ctt^ Kl^fcr e a d s i z e () tBv»T3lf'-t*t 
4X+fcfc%?W1MX?M**tt*o 8ffik9fi : @ 

fc*Uf, »fi£ti:ilc**6HS&t*^^9>2Kf r -^ 

t«*atr 0 i offi-i 5ffB-e«±, ffii3-K-e« 

copy () P&(4, (ifcJW-fV^. 

0 1ffl«^^SiJO«^f'-^*ne-tft#tt 
MSfctrsfefto L^L, readinst () % read 
size 0, readpos () N iitfr eadd 



(9) #fi¥8-2 5 5 1 0 4 

a t a () Plfe(4, COPY*±O r ADD4Hi't«tO^ 

[0 0 4 1] EI 3 tt^Rg £121 i w«Kartt*T** 
k, a*ftKI±4o^^ry ik* f fc*»ft 0 * 

Tab c dj <7>4/U hSrntf— Tfto *Z^fy/T 
tt, TxyJ 02f-^/H b*iiiO-Tfto 

a if— ffto fc£U co^r-y^oiHji&Wfjft^tt, 
TxyJ ©2/W Y L*alf-K«fflt?*av»C:t* 

/^y3>2^f»6^ bTNfeft Tabcdx 
yj *«K5c5itfc«W'"C*4o L*U ?-9mEfrh 
*^snif-*it*£fcA»6 % l^M ha8*3if-<5fi* k 
*lid&"f, f¥**itrv^fttt-f-c*ft 0 fl^#4OTft& 
Zf-yttOiy ;<-y3>l<0ttf9*6 Tb c d e 
f J C0 5/^ h^ f ntr-§afto 
[0 0 4 2] JBUtt*, COPYfiitfADD^n- 
20 KftU-^v*TlBW#4r*itfcikK4fto £?)4?&# 
«4A#«^*ft±B<r^*^5*Lfc^tt, 

J: a ft**3^^ * fto Ja±OKW3»* 

ttWf, ±1B^ readinst (), reads 
ize () s iSiO'readpos () ffifgii, SftK 
*fft?*4o 4HMH4, fO^>M h*»feH«&LT3-K 
ft^fctLfto M«/M >W8lfy H4 2ow»»C» 
tj^ttrv^fto *»0 4 1fy M40-1 5<0$:£*LT 
#^rl4, ^OVffikfiT&^OttAfltttKntft 
J0 V^ftjaftLTV^fto BITK, «HSd0 4Vfy h 

o : ADDtirt* 

U 2, 3 1 QUI CK^r-Y 7 va<0tfitf9 C O 
PY^ 

4 : SELFkLra-KftSitfcftllftffdCOP 

5. : HERE k^Hk Lr n- Kft*ttfctt*tff^ 
COPY^ 

6> 7> 8, 9 : RECENT*tr>aH3-K 
40 ftSitsfcttlttft'iCOPY** 

QUICK*^^>att, «X7 6 8 (3 x 3 5 6) 
coK?iJ-?&fto iOBWO#»«tci4, Tp modu 
lo 7 6 8 J 3i«EyilO»«k&oTV»ft «ffc 
^COPY^OffiS^Ip^itLT^fto ^O^r-v 
7^^.(4, #COPY<MW« V^+Kl) tfi* 

3B(f*it*o 9471s 2, 4£l43OC0PYifr 
♦tt, *»Ott«)Wtt**tft^OjBaEtttJ|[1-ftfc 
fete, «l-Wl<K 2 5 6, f 7tf4 5 1 2\ZUm**ib 
50 \iil\S%h%^Q-2 5 50lt**1"ft^ >* f *Oie 
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[0 0 4 3] ^^4(OCOPY^ -&<D/U > 

ScoCOPY^ii, -JlwW h t Ltn-KftSft 
fc=rtf-fi*tHftfi:gt(0||*#LTV>^ o RECE 

«T0 4oo=ilf-ffi1t«riaflrt'&o COPY^ (a 

(7, 8, 9) ^COPY^^ ^rr>^}§il 
2, 3, 4) U«lSLTV* 0 *03tT- 

[0 0 4 4] **7l-9ttADD*tfM3J:0 f COPY 

itufctTy h*»0"C*W^ Xl±, &<73/M b?ij 
iLTs-KffcSti*. £OJ:7fc3^7^ >^&<a 

ADDft*0fW**X#4&T"e*lK 
< C 0 P Y^fr fe/J> S v^i fc ^ J; < * * 

try h-c** i o-i 5otii, 4tt-frs*t/; 

B04 1f y >O**002l£y MCi ^ ADD<^Of 
<fX*3~ KftU »0*>2 IT? bfcJ: 9 COPYtfr* 
O^X*3-Kft+4a *K,.**041f7 hOl 0 
- 1 5 C3fl[0-**^LTV^« 0 
1 0 : SELFfcLT3-KftSfcfc3*HB**# 

ADD/COPY** 
1 1 : HEREtOUt LT3-HkSttfc3tT-e 
fi*#d ADD/CO PYlS^ 

12> 13> 14, 15 1 RECENmr>a* 
?>a- KffcSftfc3^-fi**#9^-VSiifcADD 
/COPY^ 

[0045] ID 4 ti, 02 OS^fflSIWtT?** 4 o<a 

2fBOl»/^ h 0**00 4 If y h^OtftotV^ 
^ HcilJ ADDffrfr**a-KftSsHT 

v^^t^ltv^p WC/W >0#04 Ify hT* 
(*, ADD^t-f X#2 t*5 : k SSLrv^o 
2oof-^/W h Tx yj Mifflin h0ftC1ljMt 

rv>& 0 3oocoPY*^ii, t^r, self^-t 
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SK£/J%Sv» 0 Lfci J cT> £0/Mflltt, *rj**9/t<f 
h£ffi^&£ltT\ 1 7/W hW-ys>2« 
3UiMflBllU3- KffrC* * - 1 t»Ltv>*o 
[0 0 4 6] -§fc4ry^>hO«atf» 
0 5 tt, /<-3/ 3 > 2 £v> < o^co-fe^ > h 
U COPY^SJtfADD^fcLTS-Kftl-* 

20 *fcLT3-Kffc*?H*^-**lfc4£fcrt»^ 

*Off*tt4tf*9, 3-^>^^&a##:fc** 
JEJRMINKJ:o-C3RS*L-CV»*o 

[0 0 4 7] HB^lffB-Ctt, «#r-^T**fflB 
ftLTffiKi"*. »*±, Ttt, »^Srf-i--V^L 

tf"t$M>f(The Design and Analy 
20 sis of Computer Algorithm 
s)J (A. Aho, J, Hopcrof fiitf 
J. Ul lmanf> 1 9 7 4^ Addison -W 
e s 1 e y»fr) (111-11 2 JO feif07W# 

ft* i vr X a 0tfc*MM! S Jlt v* 4 „ 

[0 0 4 8] STfcfi-, 5e0$IK 

Sitfctt«*nB«Sitrv^o £0ttH«\ i n 

s e r t () Jo Tit A Sit, 
*>Y tKiST-«*+S3t*K. s e a r c 

h () £ Jitfe x t e n d () tMe/IStl&o 2^145- 
50 J:0 f 3fi t I'Ctt, ¥«§p r 0 c e s s () SW^tH 

TSTWAt^o /^y f 3>2«fi:l^ COP 
Y^W-fi «t tKA D D#*0fMt 4 fx □ 
[0 0 4 9] 4-4 Sfri'Cfct, ¥ttftp r o c e s s 
0 ^SSt^o 5ffgk6ffiTi±> ftft TnJ t 
TmJ ft/<-ya>l*J:0%a+O^-ya>O*S 

fig FcJ *0t*«)Iftt*. 8fflt*tt, ADD** 

40 ho 9*^0^1 Offi-Ctt^ ttllc*6*ft**r-^'fe 

4o 1 l-4 2f?B-ett* BfftO/t-yHVtjMi-* 

^^»u-^*fiifc+*o 1 2-1 8ff§-e«i> c*6 

^4:^^>> : £:ft#-f4o 1 2ffItWl«aSiifc«| 
^search () ft81en+l 
fflt^o u^SIt*^ fi*c+ 1 e n- (MI N— 
1) *6fc**MIN/M>t«TOHtLTV»4ffi« 

50 qj 0^-^fca«ft/<-ya>07*-^*i6*lRlCJR 
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£U -lb& J crt»f>c + 1 e n+liX'<0-f-«Xit^ 

[0 0 5 0] £W*}*Hfc9«ilWn3ti4fc, 1 6ffl 
T?PfO*tb§itfc^# extend () lei »), "Ci 4 
fcltft<«r*tC-|fc*Mg-r^o 1 44540*1 5?rl 
14, -SbF£<&<, ^o^*;i/-7-^e>^tt*^(r 
^Si-S„ -r-taw<^£-l4, ^--/iWilLKJ: 
19, SfclcJeV'-g^ffi^o 1 9 45 40*2 6 frit? 

14, m£<D-&Lx^%^fcWczmmx?z>, s 

e q^A-i/'g > 1 V>Wi&> if A$tlfts!|3ME 14 c T** 70 

19 , **is>Mom&^ c +/<- v a > i was 

^StS insert (T, seq, p, ffiWO T?I4, * 
-!:UA-5?3-/s e q<0fi:1tp#>e>$&*ftMIN/< 

[0 0 5 1] 2 0 i3 ±0*2 lffB-Ctt, *5Sttt?**i 
If, JSfcaddfccfcRjgU *£* t -*LTrv'fcv»?' 

14, aa* - "9 X L *ff 9 fc * d, HgEttft 20 

*l«»tHdErK:8W5*So 2 7*5*0*2 8ffII4, ft 

±0*2 9fTl"ei4, ¥»§wr i t e i n s t () *Pf 
O-'tHLT, fWSLfcBWfcftoT, COPY^friJiO* 
ADD^4-##ffi1- 0 a d d*»0 J 7t{±IEOlit?*^L 
If, wiiteinst () ^Oft$<0 2 cj©E;| #SclC 
±19, ADD**©7 , -**jg*t*o $Z©2o©3l 
#&T?I4, COPYffr$-tf>/''9;> , **5e£1"4o irof 
«80fW§tt*#4©1\ CfCttBMft4fB&t*o 3 
0-3 6fr§-ei±, -IfcLTtf'-^-t^^ V hO^JllC 50 
**MIN-l«tJ«*«Tfc#At4. 3 
8=ff lt(i, -SkUfcftSO^ttc *KIDnU add 
fc-llcy-fe-y M"4„ 4 0*±0*4 lfi'It'S, »S 

4„ 4 34540*4 4fi i l , eii, A-^a V2d»?>, -Sfc 
L * V>ft$f- * * A D 1 1 X fflfrt 4 o 

[0 0 5 2] 0614, 1ST MfttWXtZ^toZ 
LTV>5o 116 03 2^114, *~/WSSp frbl&tZ, 

Ts e qj ?!l«DM I N^M htfeSit^LO^. 
3={fl-ei4, 3-KftS*Lfcft1ttffefl5t*o 4ff§-C- 40 
(4, (key, pos) ©ifi*SETfcJf A+ft. 117 
(4, Hfc**JH-ft¥***5*LTv»« 0 3*J;0 f 4ff 

gT-14, aftftKfc&oTV>4-ScOfi§<05|5Jl<OMI 
N-lnM >*6ftftiI»*-fcHfcLTV»&v>ajf«o 
1*4 hfcfl***. 5-1 9=}fIT-l4, mtX'btl 

If, HfcK$©**fctWf*-*. i<oirf^(4, flsjfcSii 

5-fc-ScLrv>4^f?^J|Et4itlc±o-C=ff*>*i 
4. £©;r*H4, 1 7fi t §t?*ff$tL4 0 50 



#B3¥8-2 5 5 1 0 4 

20 

g-e&tUf, 1 8tfI^*V»T, search () ICfc 

flH&©Hjfcta*WB#3ii«. zofflTtt, r- 
1 J ji«5E»3*U T 1 e n J 4 <9 **v»-Sb»**v»£ fc 

[0053] H 5 © 1 3 ff § lci3V»T search () 
-NOffO*tnL^TfctL?tm, -ft©****, aS, 12 5 
© T 1 e n J Oft* *9 1>^4 < t <E> 1 £Lh*v»i fcOTB 
IblHcfcoTVifto 08T?I4, extend () 
T&^SifC*!), C^jlJCiflt, tr^|fiHCt:#4 
£»7ft<HR*ffift3*4, 2~10={T§-ei4, -»* 
*5R1-*jEU»fll*!R5&tft. 1 1-1 3=fTlT-l4, S 
ft***?**. 1 4ffg-ei4, -SfcLfc£#©*3*S 
*Pt4o BI2©W::S-Cttaftfc, ±|BO^rfeC±l9, 

|5ii!.Ei^$^-cv'4-ji(0^-^7i s tt»-c§4 0 mex- 

14, fclf AS itft /<- V 9 > 1 H 4 OVf- y g V 2 
wWWffigj&*^3*LTV»fto 
[0 0 5 4] tttffiMlwaft 

2 0©;t-y*a > 1 *±W*M— 5* a ^ 2 ttt#t" 44^ 

^(Dh-tK M-J*s V2^ib^T'-^ : &W<9AtLft 0 i 
O 4 t £ f - ^ {4, ^S#* f ^'- v a > 2 KEII-ftftS 
ftflW" *ft « © l=flJ9lWffiT-* ft „ «<£tt«<.gM7& J 

#ADD^Sr#iELT, •J-Ofifi^Pjji&S ft-r 

fcft ± d "9 HX\ /■?- v a > 1 fr&ttSHBftSft. 
ft ft* t £ ft 4 ^ £ n tf - 7 K V ^ f> #o 4 T K + ft . 
•€■ © 4 9 {C t? ^ £ tt it If , A D D r- 9 14 S t> W $ v» 

^S'lf#lcffi*eitftKf|c, i<04^47 f -5'OS^-fe 

it If, 02<O|IIi;ADD^*fflv»T, n-i>3>l(D 

b«51t»ICffl^$iL, 2T-?'U h TxyJ 14, ffl* 
ttfc, 2/^h TcdJ t <0#Mt&MI&a5fij* f tbii ft £ 
fclCi&ft, 

[0 0 5 5] fn—f-f ffi*mi;, 

h IC^LTIS] CSMifi^a^O^Srfi 1 t»£ltit 
tfft?»fl!v» Q #WISra*©i:^fi«;#ttic4i9, *ft^ 
>f h t fc n tttooHC/^ h 2:«9lMUmSin4*2K 
t&itftft-fri;, 7EOtt*«tt*lc«^SifCV»ft£i:^ 
ib, £©±^<t*#*«ff*J*Lft. L^U iifC, ®& 
S^-C* ft i: ? ttfc/<- i*3>l«D3e-«r 

6We»*»«?tWRt#« £ ktt«*fc5F^rilfc4«. 07 
(4, £ o 4 t) ftatt«*v» *ffi*JHv»T 3 - KWfc 
tuJtH4 04r*-*^fCV»ft. £tu-C', ADD^I4fi 
tt2*^LT^ftifclc£ft„ T-fsUV TxJ *4 
r>* TyJ 14, -g-it-Tit, TcJ 4340* fdj fcHMUDtt 
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[BfloiMLftHH] 

[01 A] m&Kt)*9m££*ra»bMMM* 
[01'B] ««UJ:0*«WUioTfflv^tL4Kat 
U1C] ««UJ:0*»WtJ:orfflv^it4«a* 
[HID] «|KJ:9*iMBKJ:orfflv^tL*Kat 

IB IE] JWlKiO+RWKioffliv^itilCit 
^1-0<s>e-c&& o 

[01 F] JR»tJ:0*»W*wJ:o-Cffl^&^«at 

[m i g] mfcttwmiKtoxavhteMm* 
bogt*&& 0 

[01H] ««JCJ:»)*»WKJ:or«v^tL*wat 
^1-0oH-e&& o 
[Ell I] JRftKi^^JIWKiorfflv^itAKat 

[01 J] *»W^«^§EPW1-*«^*^+IB^J 

[02] r-**y > O2oo^-?a >Wfc£tf>^- 
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[IS 2 A] H3t*SfLTv^**«fc#0||fft*»i-B^ 

[13 2 B] H3tc^S*LTv^^«S^«ff^*^i-H^ 

[02 C] H3tcSS*tTV»*#j|»So»f^S:^BO 

[@2 D] BSK^StLTV^^RftOlH^t^BO 

[ EI 2 El B3fc^$*LTv*£*»gotM**^B0 
20 E-C*4 0 

[El 2 F] B5K3R8itTV^**>H*^||ffttSW-B«> 

[B2G] B5^S*LTv^#ttSoftft*a^BO 

[B2H] B5^StLTV^#a5#o»ft*^+BO 

[El 3] «RCWWcJ:*«*fk^«*^*4o 
[B4] B2«)^t*l»fc3-Kfl:L*:tO"C**o 
[05] n-Kft«)*«**S+B-C*4o 
20 106] B5TM»fflSit*:INSERT^ttS*3StB 

[B7] B5tHe«S*tfcSEARCH^»**^B 

[B8] B5lMe«S*i3«:EXTEND^tt**^+B 

[B 9] B2efflgS3*Lfc/*-5>g > 1**^-^3 
> 2 or- * *># AfiS ^r^tEl^ab 4 0 
[B 1 0 ] B 4 o n - KftS *L*^o«ff»K38«*it 

JO 



-12- 



(13) #P3¥8-2 5 5 1 0 4 

23 24 

Tua hug 30 03iJli37 1994 

cant /Ti/flyvDhnn/qT^v/sftftwftr^/irr/Hb^d.^. r 7^?7^ ;, 



1 1 minder jmtLTKji 

21 tdefioa JVBEtlA-Jl 1 
3; 

4i lifndaf __KPY_ 

S; IdaCl&t _MV__ 1 

6; 

7; ■tfnflif ^STD^C 

8; ■Mde* aiOC . 

9 1 tdBfiaa. 9TCL.C x 

10 1 Kiln 

11: U* CpiUBplUB 

13: •define _STO_C i 

Hi laloo 

14 1 *dofin» sid_c 0 

15: l«adi< /'^cpluaplu**/ 

IS 1 landlf /»^8SW_V 

17 t lendif /•_aTD.C«/ 
15 1 

19 » atftuW ^3CQIK_WTERHa_ 

30 / f If cpluaplm 

21. «da£loa _BE»IN_SKTEHHH_ extern "C{ 

22: «d«fine wSNcnnaawa^ J 

23 » aalae 

21 1 Idafina _BBGW_5KTERWS„ 

38s Ida* in a t .£Km.BXSzmH6„ 

31 t #andif 

37 1 itndif /»_BHaiiL/2isSR«a - .V 
3li 

39: tUadtf ^*EW_ 

30 s #if _.aro_c 

31 i Ida Una JlRB_(X) x 

33 1 telae 

33 1 Idaflns _ARC_cxj O 

34 1 landlf 

33 » landlf /•^Aac^v 

37: llfndaf YOld.t 

33 1 fit _8TO_C 

39 1 adaflna Vald^C void 

40 1 lelae 

41: idaflna Yoid.t char 

43: aandif 

43: ftendU /»VBi4_tV 
44: 

45: alXndef HZL 

45i Idoftna Kltttypal «typ«|0j 

47; lendlf 

46i 

49 1 landlf /■_jwv <Wfc V 
SO: 

91t /* UBar-auppliad funntioua to da ia */ 

S3: typedef atwot ^.vdfliao^a Vddiaa^tr 

S3: typtdaf iat(» vdloJ)juW_Uintr void_t*, int. 1009, vddiae_t*)h 

54 1 attuet _vddtaa_a 

8S 1 ( vdio_f r«odfi /* to raad data */ 

3ft vdio_t v*±t*ii /• to wclta daha */ 

B7i long window 1 /• window aiaa if any V 

3«i J 1 

39: 

TUB AUO 30 ,g9i21i3? 1904 

60 1 /* typaa that o«n ba glvaa to the to I unctleaa •/ 

61 1 adef l&e vp_fon*CB I /* lo oa the aouxc- data •/ 

63: edefine VDJIWWET 2 io oa tha t«xget data «/ 

B3i rfdefiae VDJJB&a* a /* i 0 oa the delta data */ 

64 1 

65 1 /* nagia header for dalte output "/ 

66: idaflna Vft^KACXC •vdOl" 

tlx 

«9i «ct«nlong vddalta jiw_{<void_t*, i ong , Void_t», inn?, vddlaejbaii, 

Jii "S^nst vdupdata .Mm.dVkil4.t-r long. Void_f, Ion,, vddwcLtM}: 
72j" 

73i tendif /*jrDEL*KJl m / 
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Kod Aug 10 21iH:U 

A; ilfndef JVt>EtKDR_H 

2t »de£tne ..YODLHDRJH 1 

3t 

4 j (include "vdaltft.b" 

1; 

6; I if STD_C 

7: linelude <8Eddt<.b> 

Si lolse 

Si iiBdlud> <*y»/typ« , h> 

10) «CDdif 
11: 

13 t flfdtf DEBUG 

14 1 extam int abortOr 

ISt _EHDJEXTERN6_ 

Ifii <d»fin- MflEBTfp) Hp3 7 0 i ebortn) 

17 1 fdefins DBTOTAlft,?) ((tj +» {V>j 

19 1 fdifma DB2UUI(a,v) ((m) - (m) > [v) ? pa) j [vj j 

19 i false 

30 1 Idtflne MCBtT(p) 

ail Jdsflne DBTOUVttt.v) 

33 1 ♦define DBHU[n,v> 

33i tendif 
34: 

33 1 /• ehost-bsnd notation* v 

36i idefine rag register 

37 1 Odsf LiM uchix unsigned char 

38 1 •dlUft* Ulnt assigned wit 

as i ■define ulong unsigned long 

30i 

31i /* deteuit vindow iii* - chosan to »uit ih11ds() even on ia-bit machines. ■/ 

33i Idifina HAXIBX {<lat>{((ulnxl-0) » l) ) 

33 1 »dBf ine KunriHsoH [ { int){ i (uiet) -o i » 3 j ) 

J4i tdtflno oeLxranam {hwhinmw o <i«14j ? (1«14) t a«l«> ) 

35i fdtfine KE10E2(v) |<vj/4j 
3<t 

37: •define KJHZH 4 /* rain number nf bytes bo match »/ 

38? 

39: /* Thi hub Junction it e(0Malph*-3 * *|llUlphn*3 + n[3]*n1pbA + b(3] «/ 

49 1 ftdafine K&HK 33 

41: »lf fl 

43i Kdtfin* Al(ic,t) 

43i tdifine A3(x,t) (una*xi,PB&*(E>> 

4ti idsfine M{x,t) (M.PBX«Jam«MSH&*{X| ) 

45 1 •*!«* /* fut wltlpllQfttlaa using shlftaeadda V 

4£i 4d«fiM M(X,tj (*))< It* |t«5U ) 

47: Hdaflna A3(jc,t) ((t - (xj), (t ♦ |t««j 4 (t«10)) > 

48 j <dafina A3[x,t) ((i - (X]]* It * |b«3) ■* ( (t+j t«4) J * ( ) )«U) 

49i Seedif 

39; 9dafina HIBXT{b,a,t) c<b - aJ(»C0|«t)), lb +- «<«U]it>>, ( h *• Aije[3J .-s>+em > 

51t ttdifln* HKnraih,a,t) ((h -* A3(a(-i],t)), <b - MJhrT) ♦ al3]> ) 
S3t 

53i tdeflne Bauxite, t) (<a)(0) -- <t)C0] t« (e>ClJ — (t)UJ «\ 

54i <s}(21 « (t)|3] » (e}[33 — Ct)[3] ) 

55i 

S6: /« every instruction vill start with a control byte. 

37 1 " Far sorbability, only « hita of rha byca aza used. 
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•define ajBXXB 4 /» hib« for tbo *Ua Jiald •/ 

'define UITi 4 /* talc* for ehe inaexuatlon typ* •/ 



27 2S 

Wad Aug 10 31; 34: 44 im 

l,eaxcjgi n c . icq flf r , rcnnt /Ti/grYPhon/tf7/kDv/g Q f tv B ^/.^^ j h^i^ f T n >i Mr " 

50 t ** Die bit* are used ai follows j 

59 1 »• 1111 iiii 

CQi «* ill* of data involved. 

•it till i thia donnas 18 instruction fcype»: 

62: •* o: an ADD Instruction, 

«t 1,2,3. capv with IjQUieX addraaalng sehana. 

«.Si COPr with jc.SEXS'.x^Hiar addcaBBlng aeh*»a8. 

<5i *• 8,7,8,9 i C0rY with X^BJccBMtP addressing scheme. 

«t •* ror the above typoe. nai U not cero oodaa tha atie; 

67: otherwise, tha siae la □□dad tn subsequent bytes. 

*Bi ** lD,lli merged add/copy with K_secp, k^hbhb addsefliino; 

«« " 13, 13, 14, IS i merged MD/CQPr with K^HECENi! addreaeing. 

70 1 " for merged ADD/COPy InstruotionB, aee* i« divided tnto "co as" 

7J» *' where ec codia th* size of copy and bo codes the a*-x* of add. 

73f 

74 1 idefine vd_hitb a /* • bits uaahla In a byte •/ 

75i ' 
7fi 
771 
78» 

79 i /- tha balow luezoa ooaputa tha ODdlng for a copy addreaa. 

80 j There are two caches, a "qui©*' caeha of (BLQIWB*aSfi) addxaaBSfl 

Bl: ** md a revolving oaoha of K»RT*PE "recent" addra«B«», 

S3 1 ** First, va look In tha quick aaoha u aao it th* Bddreet la there. 

Q3i *• it bo. w* use tha aaoha index no the cods. 

84 r *• otharwiee, wb eompute from 0, tha currant location and 

83 1 *• tha "Meant" cache an address that ia oloaaat to the being eodad addrsaa, 

86 1 ** then sods tha difference. The type U Bat accordingly. 

871 ** 

05 1 ** Aa invar! anoe 1b 3»kjhbrqb + k_qtxm «r i — i« 

a»r */ 

90 1 ids fine JJIHPE 4 /■ t of x_rbce« typaa «/ 

91: sdefina KjjrxTZ 3 /■ * of k„ouick types */ 

92 1 adefina kjiekqe {r_RTYPB>3) /- a of typaa allowing add-=opy */ 

93 « adefina K.asiBE (XJTKPs;<<TO_BIXS) /• bIzb of KjOlcx cache -/ 
94 I 

85: tdafina k_qoick i /* ,t«ct of X_QDXcK typaa •/ 

96 » •define J5_BEtr <IUlWCK+*jMaPE) 

97 1 adeflne X-KERE <XJBEP+1) 

98 « ■define IUIKEKS (IL,HESStl) /• stsrt of K_*ECEK? typaa *f 
99i 

100 1 'datina KJ3DECl»lquick,recent,rherei /• oaohs decla in vdelta V \ 

101: Iht quick[XJ6I8Eli iXA *aoaat[K_KTypEl ; inb rhera/»rV . 

103 1 idafina KJJDUCt ( quick , recant , rhare ) /• cache decla in vdupdate */ \ 

103 1 long quick(ILQ8XaBlr long recent I^*TYPS]j int rhara/« iv 

104 1 tdafina {.txri ( quick , recant ,rhe re) \ 

lQSt { quick (thaza-0] - (1«7]; \ 

lOCt whllaurhara 1) < k.0BZEB) quickfrharai - rhare *■ il«7\i \ 

107: recent frhera-OJ ■ \ 

108: whilanrhera t- i> < k_stcti> reoent(rhera] • <rharati)*{i«a) ( \ 

109 1 } 

UDt t define JL.SSDATB(quick, re cent, rhere, copy} \ 

Hit { quick I copy 41L.Q8 1 IB) - copyj \ 

U3i ifdxhexa «- 1} >- K_nwPE) rhero - 0i racanxtrhara) - copy f \ 

113: } 

114. 

HSi «define VD_S3C0py(k) \ (k) > 0 *a (kf < (KjaScEWT+K.RlYPE) ) 

lifii fdoflna X_StiOKC£(k) u*) >- (K_RtccNxrjt_RmfPEj > 

117 1 
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Wed Aug 10 3li34i4l 1994 
• paracrine, ma. att r.nmx /n/grvT>hnn/n7/kDv/5oftw»r«/iiwi/i jh^ r ^ r <1 /..•«*» r-^ , t, ■ j 

UBi tdafinc K.JZEE < (l«3_Birs>-l> /• mix local add a.z* V 

119 1 tdttlTU* A_XSLOCAH«l <<0) <- A_91fS } /• C&T\ fefc COflBd ICCBllY •/ 

130! 'define A_lPTC<a) (I) /» coded load vtluo -/ 

121: tdeflne AjaH[a> ub) * 1A.SIZE+1J ) A coded noxnai vbIub >/ 
132l 

I33i idefine A-lsTTCRBCi) (U> & *_8I2E) /• locally eodoa eize V 

134 1 fdltUt AmJuQOTII) ((I) ' A_»XSE) 

123: ffdiflti* UO) + <A_»KB+U ) 
136 1 

137» tdofina CwSZSB al«3j3ITO)+MJJZ*-3 1 f* XMX loCll COPY »iim •/ 

laii »d«fin* C_iaLOCAMa) <<■> <c- C„SIIE ) /- am b« coded locally •/ 

129 1 »define c_OTX(a) <{«> - ixjwu-l) } /* coded local value •/ 

170i "define C_PUXl«> ((a)- (C_0IK*1J ) /* ooded normal value \- 

131i 

133 1 ideclne cjamarjij ui> i [ (l«»_BKBl"U ) /* via vaa ocdBd local •/ 

123i tdoflnn C_LflET(L) <(<ij & ( (l«9_BXT9j -1} ) ? (tO«H-l) ) 

134* (define C_CET[b) <[«) + <C_a«I*l) J 
135 1 

13d i (define x M FUC{]e) < {let- s_BXTS) 

137: ^define K..GK(i> <(i) » 9.9XS9) 
13Si 

139 1 /* coding merged add/copy InatructiDns */ 

149: (define KJSUK 3 /• bite for tiny ADD »/ 

1*1* •define A_*WY8IIB (l«Ajriwl| /» mix tiny ADO aize •/ 

14 2 1 Jdaftna A_I9EINY{b) <<a) <■ a_TIWYSIlE ) 

143> Idefine A_TPCT(a) {(■) - 1} 

Uii fdefinn AJM!»<i> {[{!) £ <>JTI»YflIZB-l) J + 1) 
il5t 

11 Ei f define C.IIK 2 /• bita for tiny COPY v 

14 7 1 fdaflse cjiiarYBZBE < [l«CjIINr} • iunH-1) /* max tiny copy alxe V 

149: adofine. CX9TIHY< a) <(«) <- CL.TIKYSZ2X) 

149: Idefijie CJPPTO(a| <«e) - HJtZti) « A.IINY) 

150: idefine C_-N8tU) <{([i) » AJTXifY) « (( 1«C JCXNY) -i) | t JUtlX j 
ISli 

153. idefina b_tfut<)c) (t(k)tKjiracB) « ajatna) 
153: 

184 1 Idofino KBHCPyttB,from,n) \ 

199 i ewitch<n) \ 

I3lli t default. n«mapy({VoLd.t*)tor (Vold_t« |fxnin f («UuJ;)n) I \ 

157: ta +- nj fxon t« nf bxiefc; \ 

159: case 7 j -tow ■ •frea+* , » \ 

159: caea 6 ; «tot+ ■ »fromtf; >, 

160 1 eaee 5 > "to++ ■ •ftom+t-j \ 

ifilt oeee 4 i «tott » •fremttj \ 

163: oaae 3 i *to+* * ♦freev**i \ 

16 3 1 o&ae 2 i •taf* - »from**( \ 

I64i oeae 1 > -to++ - *fronH-; \ 

ic 5 1 oeee o i break/ \ 

166. 1 

167: 

Iflfli /• Selow Iibzb la coda for a huf fared I/O aabayabam bo apaed op I/D «/ 

169 1 idefine J-flBm 7 

170i idefina I_JCaiE (l«I_IKIPT> /* conttLr.uetio.t bit V 

171: idefine I.cooe{b) ((uchar) ( (n)fl(l.MDiiB-l) ) ) /• get lovjr bite •/ 

172i 

17 3 ■ /■ aexueture to do but fared 10 */ 

174i typadef itxuet _vdio_i 

1? 5 1 { uebar'* next; 

17 6: tteber* aiulh» 

177 i Vddlseut* diaoi 
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paaacAM inn .art , rnnn ™/qrvi,hon/g7/Ypv/'flngt™> yg ^ te/nv.y^i - a A »d^M~ ~ , 

170 i long here j 

17Sj * uqhft* buf[iP24J> 

180 i } Vdio_ti 
181, 

IBS, idefiae REX0P(ioj ( (lo>->diao->r»w»f ) 

IflSi fd«flna HRITBPlio) < (io>->disc->vrltaf ) 

194 1 idafino BOF(io) <{10)->]»uf) 

lB5t 4dattna BOTSXMUai slceof < rio>->buf ) 

IBS i idflln* *BXHi«> (|io)-W) 

187t Ideflna BHD8<io) ( (io)-;>«ndb> 

XBB; <da£tn» DISC(lO) {(io)->di«c) 

189. # define HEre(io) <(l©)->hare) 

190i adofina RINIT(io,<lieq} { <l9>->a ndb -* < Uo>->nwct ■ ( lo>->bufi ) , \ 

tio>->hore - 0, (io)->di«a - [diso> ) 

l»i tdefina WIHXS(io,dlao) [<lo)->endb - <(io>»>next - (io|->hu«) + flCrsilE<ioi, \ 

"3* tio)->hare ■ 0. (±o>->di»c - (diao) ) 

19«i •dofine REKAIJrtiD) (DIDB(La) - KEXT(lO)) 

195, Hdafina VDFUTCUo.C) l|SMn<iQ) * 0 II <»_YdtlBBUf )<io) > 0| ? \ 

(lnt><*iH>|->nexe**' - {C |) : -l j 

197i Idefine VDGEW(ioj (<RHKMK<10) > 9 || <«_Vdfilbuf Mio] > 0| ? \ 

19*i (intJ<*Ut>|->CExt*-J j -1 ) 
199 i 

300 j typidaf atruet _vdbuflo_a 

301 1 ( iat(* vdfllbuf}^HBG M ([vdlQ.t*))i 

203: lnt(« vdflBfau£) v ULS.([Vdio.t«})j 

203 « ulongj* vdgetuJJ«0_i<Vdio - ,t«, ulongn r 

304: lMi« vdpucu)_AlG_t{Vdlo_t*r ulong)j r 

201 1 iftt{* vdreHdj - AK(j^<vdio_t*, uohar*, tnt))j 

304 1 lat(* vdwrit*>„RRO_(CVdlo_t* ( uehar-, intj> ; 

107, J Vdbufio.ti 

30Bi fdafina JVdfUbuf .vdbufio.vdfUbuff 

309; Idaflna _vdilabuf _Vdbufio.vdflabuf 

210 1 adefine _Vdgatu _Vdbuflo.vdgatu 

2Us ideflna .vdputu _vdbuiio,vdputu 

313: Idefine _Vdr*ad .vdbufio.vdraad 

3l3i idatlne _Vdwrlc .Vdbufto.vdwrit* 
314: 

315 1 _BKIH_EXT£JWS_ 

318 i extern Vdbuflo.t „vdhuflo; 

217: extern Vgid_f XOWopy _»RO_i{Vold_t*, CflMt VOid^C*, Bia B _t))» 

21B: eartwxn VOlcUt* Mlloo JlBC^ltJlLCtJU 

219t. extern void fr»« .JiRC_< [VDid„t»> ) i 

2 20 1 _END_EXTERy&_ 

221t 

223 1 landif VDELHDfwU*/ 

wed sap 20 OBiJfitii 1991 

1 wrigx i ac ,iop.ai±. cnml /n/Btvtihnn/it7/fc»v/atiftv«rii/ai-«/ilb/vd>ife»/«riM^i Tt| r , 

li ■inoluda -vdelhdr.h" 
3l 

3 1 /* Compute a tranoforoaUan that taJcaa aourot dnt» to target daca 
4t 

S! uritten by (Kie»~JPh©ng VO. fcp vitro a.aroh.att.ooia. 5/20/94 

tf ! */ 

7» 

Oi «ifdef DEBUG 

9 1 long 9 _copy, J_eddi /* amount of input covered by COPY and ADC •/ 

10 i long N_=opy, !f,add; /* I oi COPY and ADO inacruotiona */ 

Uj long H-Copy, H_edd; /• nax aiza gf a COP ST or ADD instruction ■/ 

12 1 long Hjnorgei /• t of margsd instructions •/ 

13 i lendlZ 
14; 

15 1 idaflna itERDMLE(», <j,kj ([«> > q x_35Tlmrut « S 

l€t (a) > 0 tt CL.Z8T:HY(c| m \ 

17 1 < X > >- K.SEXT ) 
IB I 

19$ typadac anruc« _patoh_a Katah_t: 

30 » typadtf itruet „tebla_a TAblo^fcj 

31: atruct ^naton_s 

32 1 C MitOh^f naxti /• litABd llat p» */ 

33 1 }i 

24 1 atruct: _t»ble_» 

2S I { Vdlo_t ig; /■ io atruotura */ 

26 t ufihar* atej /* aouxuo atring V 

27 i lnt n_a*e> 

28i unhar* tar; /• targat Otstng */ 

29 i int tutati 

30 1 JCJDKLfguloJcragant.rhttaj j /* addraaa eaehee »/ 
31< Hatch_t* basai /« baaa of eleaanta »/ 
33 i lnt aioaj /• alia of fcnufc table »/ 
33 1 «ateh_t" tablai /* hash table •/ 
lai >i 

35 1 

38 i /• encode and output dalra lnacruotiona V 

37 i «tf STD^C 

SB i otetlo vdputinat(Tabla.t* tnb, uehar* bagi, uchar* hare, Katch_t* m.tch, lnt n_oopyj 

39 1 aalae 

40 1 atatlo vdputinat(tlb, bag»< hare, amtah., n_eopy> 

41 x TeW«_t« tab; 

42, uchax* btgfj /• ASD data U any V 
43 1 uehei:* hesei /• currant location •/ 
44: Match^t* aatch; beat match It any */ 

45: int U-copy, /• langth at caatcb •/ 

4fi, *andif 

47, { 

43, rag lnt n_add ( i^tdd, l^oapy, V^typai 
4"i rag lnt n, o.addr* copy, baat.'dt 

30, 

51s n.add - baga i hare -bag a ,0; /■ add aiz« -/ 

93: o_addr - {here- tab- »tar)+t*b->n_irc; /* currant addraaa ■/ 

53: k-type - 0i 
54: 

5St 12 (natch) /* prooeoa the COPY instruction V 

5fi; C /*»/DBTOIU(H.00fty*l)) DBXOWL[a_copy,n - gopy) > D3KhX(H_<3cpy# tuoopyi ; 
57 j 

58 1 beat ■ copy - match • tab->baaa; 

39 1 K_type - K_SBLTi 
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33 34 

Wed Gap 29 OBtJdill 1994 

EflrHgrllM.gQQ . fttt .C0tt»t /xx/aTVTAumWrkTKt*** tw fl r*/ g r g /lib/vrf B l« ; a/ y HH f ] Jft p ■ 

60 1 ifMd - o_«ddr - copy) < but) 

SI: < but - d; 

Mi k_typa - *_HERE; 

6 J : ] 

64 1 tar {a - Qi n < mumFBj ++n) 

»' < if((d - copy - tab->rooej>ttn]} < q || d>- boat) 

5<i continue: 

67s boot - di 

68 s >Utypc - K_RECEKT+ni 

69: ] 

70: If (belt >« IJfORE fit tnb-xjuickln » copy%K.Q3Iz£1 « oopyl 

71s t forcd « ilqxvps-I; d > o, «dj 

72: If cn >» (d«VD_BITS) ) 

73 t break; 

74» baat - n - (d«VD_Birs>; /-/MSSllTibeot < (1«vd_8I£«) j i 

'3 1 k^typ* • K_QUZCK*di 

76: ] 
77i 

7B: /*VW8CKr<b««t P" 0)j 

73: /*VA8aERT<(k_1WK-HDl«) < <1«I^IW> ): 
BO: 

aii /* update eddreaa eaehei */ 

02i K.CPDJLT£(tab->quiaki tab-*>rtcBftt,tib->rheri<copyi ; 
93: 

14 1 /• sa* if morgabla to last ADD instruction */ . 

85i if ^HBWABLEduadd.n-COpy^typa) } 

96: { /••/DBWrttiO«erfa,lW 

87 : i_«dd • RJfKT2(k.typ«) : A-T»/UT<U_add> J C_TPtfT(n_COpy) i 

09:' alia 

90« < i>.copy ■ K-Ptraikjcypeji 

91: lf(O.j:3t0O«.<n_oopy) ] 

92: L_cony I- q_LPQT(n_oopy) i 

93: 1 

94 1 } 
95: 

96} if{n_«dd > 0) 

97i { /■ ■/DBTQT*L{M M .add, 1) / DBTQTRL{S^dd,n_ftddj f DBH*X[H.add,fl_add} ; 

98: 

99 1 lf<lMmcABM(iV-add,iv.oopY,Jc - typa) ) 

100: l_tdd • *^IfiLOCAHtt,addI 7 A_LPUT(n_Bdd| t 0» 

101: 

103t if(VDPDTC(<Vdla_t«]tab,l_add) < 0 ) 

103; ratuxa -It 

104i if ( IA_ISLOCM,(D,add) « 

105: {*«Vdp«tujuvdiojt»)tab, <uloa?)*_POTt;n_*dd) ) < 0 ) 

L06i ratura -li 

I07 t lf((«.vdvxita|(CVdio_t«)t«b, begi, rv_odd> < 0 j 

10 B i return -1| 

109: * } 
HQ I 

Ult if(tx_eapy > 0] 

112; C if(iKEaiCABL5in ta .aiSd f o 1- oopy,k - typi) fc* VDPtrec( |Vdio_C»)Cftb, i.aopyj < 0 

I 

113 1 
116 1 

113 r if ( I C_I3CCCM< ( fUSOfY) fit 

ZIBi (*JVdPUta)(<Vdio_t*>tab. |ulottg)C - PUi(rv.copYJ ) < 0 J 

117: return -1j 

llli 
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35 36 

(fid Sep 28 PBiKill 1994 

n*Tftffrl »w Hflft . HTC-efltriT /n/qrvphon/g7/ianr/anf warn /Hrc/lib/vd*lt B A,dH«\ t » , e " t 

119: lf(k_type >- KjQQICK fci k-typa < ( RjQffXCKtK^QTYTB} } 

130i ( if<VDPDTC(CVdlo«f |t«bauch«}boitJ < D ) 

lait raturn -l> 

123 1 ) 

i33i 

134i { lfUV.VapUtU) (<Vdlo_t:*|teb, <ulqn 9 )baatj <0 t 

125t sftturn -1j 

13S: ] 
137 1 } 

13BI 9lB« 

139i { isCC*jrcUabufM<Ydio_t»)teb, c 0) 

130i return -li 

131: ) 
133i 

133: return Oi 

1341 J 

135: 

136, 

137 » /* ?old a etring V 

13 B i *if $70 JO 

119 1 atatia vdfold<Table_t* tab, int output > 

149t tela* 

141: etetlo vdfold(tab r output) 

142 t T«ble_t« tlb; 

141 i Int 

144i fondif 

145 1 ( 

143: re? uloug key, m 

147: rag uehar •*< *am, 'ends, 'aa, 'bender 

146: reg Kaxeb_t «liat, *eurm, 'bftaift; 

149 i re? ueha* 'add, •■ndfold) 

ISO: reg let haad, lea, tuwc - tab->n_ire; 

151: sag Int. alia " taboaite; 

1S3: tag uohar *aro - tab->arc r -tar - tabotan 

IS 3 1 rag KatahJ: *ba*e - tab->baea, "table - tab->tabla; 
134: 

155: it<ioutput) 

156: { If <tab->tt_arc < KJUR) 

157: return Oi 

1561 andfold - (a - oro) + tab->iuaroi 

199; QUtui - baaei 

160: ) 

161: olao 

16 3 i C oodfold - {a - tar ) + tab-?n_t§ri 

163 1 cunt - baaa*q_*raj 

164 1 if<tab->a__t«r < HJHSf) 

1«3 1 return vdpuUait t tab , » ( endf old , NIL (Hat eh_t • ) , o j i 

16«i ] 

167; 

168 i iU • kntX.(uah*r*)j 
119 1 boaxm - HL|Matobj6«) i 
170 1 lait - HJfT^-l; 
1711 HINIT(feay,a,n.>j 
173 1 tOT{tn 

173, \ torus) /' aaepoh far the longaafc tnateh »/ 

174: { if[l<m • tabletaaySaiaa] J ) 

175i goto andaearcb; 

176: Hat • a - iu->naxt: /• ha«d oi liat V 

»»» 

178 1 it(baatn) /* ekip over put alaweata */ 
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HO i { Kjtn >- bOHta+len) 

l>lt br»k; 
1": i.f(<m - ia->nax.t) — 

IB Si go 
184. ) 

185; ) 
lPi; 

« hoad - Ibh - (MJMIM-1> S /* hatdar baforo tho match •/ 

188 < hands - J+hoadi 

183 1 for(n) 

190 1 ( if|{n • m-b«o«) < n_are| 

I'll [ if in < head) 

«a i goto next; 

193: aw - arc * ni 

19«i ) 

199: elea 

{ ifHn — H-«ro) < head) 

19 y » goto next; 

199 i bb ■ u&r * m 

199i ) 
300? 

301 1 /* make aura that the tutXK Jbycoa aateh '/ 

202; lf(JBQ9U(haa<ia,aa|] 
303 i goto n»xtr 

204i 

305 1 /■ mmkm tun chio la a real natch V 

301 1 far{im ■■ bead* *e ■ ij «e < haede; | 

307 1 if|«amr+ i- »aa*t] 

308 1 goto nexfcj 

309i ao t- «JHIKj 

310 1 «n +- HJHIMj 

311; and* • endtold> 

312' if(la-baeo) < t»_Brc 44 (n - {»rc*n_*xc)-sRi < ienda-j 

213 1 anda * a+m 

Z14t fori; aa < «nda, ++oa, —am) 

215i if£««B I- »aa) 

316 i goto extend; 

217i goto extends 

21Bt 

219: wucfci U( (a ■ a->nexc) «- Uat ) 

220 1 goto endaaarohi 

331; } 
222: 

223 1 extendi feeeta - a-haad; 

224: n ■ lear 

225 t lan - ao-o; 

228 1 if (aa endfold) /♦ already match everything •/ 

227 i goto ■ndaaorBhi 

229: 

329» /• cheek for * -longer match •/ 

230i 91 JLMIJl-lj 

331: If |lon — n+1) 

233: HKB3tT|Jcay,BB,n>i 

213 1 elaa HXHITOtoy, *e.n)i 

334 1 ) 

235: 

2 J ft endaearohi 

337: if(bcat») 
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39 40 

Hed lop 2$ 0Sii<;U J.994 

338: C It (output kt. vdputinscn:«b,«dd,*,biBtm,lBn) < o) 

3391 return -li 

249; 

24lt /• add a Buffiaient number of mfficei V 

243 J ends - (» +- l«n) i 

243 1 sq - VB d» - (JUOK-lH 

344; Lf( jcuepuc) 

345i aura - • (*»»«rc;> 

24 6 1 els* euro ■ base - o-oro * (as- tar) > 

247 j 

248 1 l»n - NJiXS'lj 

349 1 add - »XT,(UCber*)i 

250i bsetm - MIL (Match_t+ ] j 

251i J 

292 i mlam 

333: < If(Udd) 

25*i add ° ij 

25Si ■• ■ a; 

3Sfi: inde - (■ 1) f /* add one prefix */ 

257i } 
254 1 

259i if (end* > (indfold - (KJHH-lj) } 

348 1 ends - eodfold - (H_hin-1)i 

351i 

3B2i it{»m < anda} for<| i ) edd prof icee/euf f lcae •/ 

2 fill t ft * kaytaiea? 

384 1 If (Mm - tibletnj) > 

2S5l cunu"»n»xt * 

344 i else 

3 47 1 ( curia- >next - ai->n«xt f 

3*8 1 n->uoxt - sum; 

349i } 

370 J tablet n] " cuw+i 

371. 

272: lt[{** +■ 1) >■ eada) 

273: break j 

374. WKXS(Key.».n)f 

UV5: ] 
276, 

377 1 if (a > eodfold-JUKW) too abort to nutch */ 

37Bi ( if(ladd] 

279t Odd - Jj 

390, breeki 

3lli } 

JB3t 

203 t UKCXT(Key /Bl n)l 

2B4i } 
3BS: 

186 ( if (output) /• fluih output */ 

347 1 return vdputisat<tib,edd f endfoLd,NZL(Heeotut*K0) i 

38 a; return Qj 
305. | 
290j 
391: 

393 1 tif _STO_C 

393t lone vddoltaiVaid^fe* ere, long i^aro, voidjfc* tar, long &_tar f Vddiac_t» died 
394 i 4al«c 

3S5t lenfl vddelteurcr b~eto, tax, n_tor< diecj 
394 1 VcidLt* ere j /• ooucco etrj-ng if oat YNZl */ 

39 7 1 loao a-oror /• length of source dete •/ 
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41 42 

Wed fiop 3Q 09:36:11 1994 

1 _nMx«arang.gog. it t. cam I /n/nrvphon/g? Apv/flpgtvftrft /are /lib /vdg--_ « /vddelT». P , 

39 1 1 veld_^« tars /» target atrlng i£ not toll -/ 

399 1 long n»tar; /♦ length o£ ?«cgat data »/ 

300i vddiie.t* diao; /* 10 discipline V 

301: toodlf 

303i f 

303i rag int lUe, k. D, window) 

10« t rag long pi 

JOS i Tablet tab; 
305> 

307: if(idlae i| ldia«-»wjrlttt M 

300 : (Idise-wndf u ((n_t»r >Mi tear) || (n_aro > 0 fi« lore) > > ) 

309 t return -ii 
3X0 1 

3 XI i 12(a_car < 0) 

313 1 return -u 

313: if(n_arc < QJ 

314 1 cv_ira - 0| 

313 1 

316 1 tab.a_oru - tab. n_fcar - tab. size - 0: 

317| tab. tar - tab. sea - NIL(uohosr») t 

315 1 cab. baa e « NtL(Katch_t* > ; 

311 1 tab. table • wiL{Hatohjt««) t 

320: VIWIT(*tab.io,ddao)j 

321: 

322: ie(diao->wlridow <• 0) 

321 1 window - OnWIWWMi 

32*. alBB if (disc-window > KWWINDOW) 

325 1 window - KAXWI2TO0W1 

33$; elaa window - (intldioo->windowr 

327i ifulongjwindov* > iLtar) 

329i window ■ [intjxutar: 

329 1 if (n_erc » 0 h (long) window > n_fl«) 

310: windp" - (intjujrci 

331: 

332 1 /" cry to alloeata working space •/ 

llli vhlio (window > 0) 

33«i I /« spaea for the target atring •/ 

333: aiea • (a.tar « 0 ) | tar) f 0 : window; 

336: if ( (long) ait o > rutarj 

337: alio - (±nfc)n_terj 

338; lf(fllie > 0 ftfi I (tab. tar - (uchir«}nifilloc(oiEfl" , 8isaof (uahar) j> } 

319 i goto rcducajwindovj 

340 1 

341; /* ipacs for Sliding boadat or aourca atring V 

343: iflnjro < a 0> /* coaqjiraaalon only »/ 

343: iiZf ■ tW ? 0 \ HEADZft(WindOK) i 

344i aloa /* differsucing v 

145: £ aiia • aro 7 0 : window: . 

244 1 if ((lonejaise > n.arej 

34.7i nine - (int)n_*rai 

34Bt } 

349: if (aire > 0 4* iitab.sxo - (ucbar*)malloa(»iza*aix*ocfuchar) j j i 

350: goto raduca^window; 

381: 

353 i /• apace for the haab tabla alamanta »/ 

3S3i siaa - window < n_tax 7 window > (Int)ajtuf 

354i if(jL_arc <- 0) 

393: aiao +• window < n_tor f Hr&DBL< window) i Oi 

356: alaa aiao +- window < n^are f window : <intjn_arai 

357 1 Lf(l(tah.baaa - {Hatch_b»)malloQ(aixe*alzaaf (Kateh_t) ) I ( 
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43 44 

Wed 8«p 98 08 » 36 ill 1994 

naraffr ine ■ bob , ntt ■ cnmi fn/arvnhr>B/g7/kDv-/gof tv agH n ^ h/vrt ff n ^ t 

35B! goto r5duetf_vlTtdov; 

359i 

360i /* apace foe tha huh table '/ 

361: n - eixe/2r 

363: dC (alze ■ n) r while ((b. fc- n-i) | D oj, 

363i If (aiae < 64) 
364) bUb * 64: 

365» whileOttab.tablB - (Katoh_t— }uall6e(aia»«8iB«of (Hatph..r* i i > ) 

3SBt lfflaiaa I) <- 0) 

367 1 goto seduea^vindaw; 

36ti 

367 1 /* iC get here/ eucceaaful •/ 

370 t t*b.*ia« » aice-li 

371: break; 
373; 

373: raducc_vindowi 

37t, if(tab.tar) 

375: ( freec(Voidjt*)tab,taar} i 

378i tab. tor - fllL<uohar«)t 

W\ ] 

178» if(tab.iro) 

378 1 ( f*aa((voi<L.t«)tab.erc>i 

3B0i tab.aro - mt<ueh«**) » 

3Bli ) 

192 i if (tab. baa*) 

383, ( iraeu void_f>tato.bae<in 

3fi4t tab.base - HIXIHatch-CM i 

385. ) 

386 1 if ((window »« Ij <" 0) 
387 t return -lj 

3B8i ) 
303 1 

390 i /* amount prooeaeed V 

391; n ■ Qi 

3971 

391: /* output magic by tea and aiiea V 

394 1 for(k - 0j YDJttGIClk] r k++) 
393; i 

396 s if {t«»VdwrittH*tab.ia,(uchar*>vpjosciC,>;) I - k II 

337 1 (•_YdputuH*tab.ia,<ulea?/)&_tAr) <■ 0 tl 

39Bi (•_vdpucu) (ttab.ie, <ulonyjn_irc} -c» o || 

399 i (*_Ydputuj(Stab.io,(ulong}vlndov) <- 0 > 

40 0, go co dennj 

401i 

402i /* do one window at i tixoa •/ 

40 3 : While (n < n_t«X) 

40* j I /■ prepare the ■ourca atring V 

40 5 1 if(SLix4 <- 0) /► data cwipre saiga ♦/ 

lOfit [ i£(n 01 

lOTi tab.n.ara - Ot 

«QBt eloe 

409: { oia* --HWOEXwindowll 

410*. if(tax) 

411t tab. arc - tab. tar + tab.iuta* - eiitw 

413: elao ntemcpy( (Void_t»)tab.are, . 

413 1 (Vaid_t*>(teb.ter ♦ tab.n_tar - alia), 

414 1 ii" )/ 

415: tab.tv^rn - aim 

4iii > 

417 1 ) 
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Wad Sep 28 08:36:11 1*34 

418 r sJsb /* data diffarenelna »/ 

420i I if<rv+window > n_»rc) 

43ii p ■ n.sro-wi«dow! 

(32: P ■ n; 

423i if<arc) 

434 i tab. arc • {uohar*)aro + p< 

42S: alaa 

426t [ sir* - («dlaa->r»d£) [Vp^soUACE, tab. arc. 

437: window, a, disc) f 

430i if laUe I- window) 

429 i goto done) 

430i > 

431) ] /» ol» use laat window •/ 

433. 

433i tab.A_ito - VittdOVt 

434 1 ) 

4351 

4 3 tii propacfl «v* taxgat ctring */ 

437: «i*e - jiutar-nj < windov T (int| fO**-a) i window* 

434 1 bab.iutar • alaa, 

439t if(tar, 

440 i tab. tar - <uoha*«)tar + ni 

441: alaa 

4tai { iiza ■ ^di*e->x«adJnvD_TWUi8X, tab, tar* aixa< (lona)n. dlao 

>* 

443t tf<<long)iise I- tab.rutac) 

4 44 i goto done; 

445i > 
44(1 

447; /* Mlllitializo table be fori proconinj •/ 

448 1 £oc(k - tab. alcar k >- Oj «kj 

4&9: tab, table [M * NlL(Hatch_t*) j 

4S0 1 KJWIT (tab . quick, tab . rocant , tab . rhere ) r 

451i 

452: if ttab.n^mro >0 ti vdfold(atab r O) < 0> 

453: goto dona; 

454: i£(vdjQld(Mab.l) < 0} 

455: 
4 9 til 

437i n. ' 

4S»i 

4 fid i dona i 

461: if(ltar t* tab. tax) 
4G2t rsa*(<voidJ;*>tab,tar>i 

463i if (tab. ace 4* ((n_avo <- 0 afi Ita*) t . (a^arc > 0 ftfi lare) j ) 
464: f*aat<Void_t*)tab.arojj 
465; if (tab, baa* ) 

4(4 • Cza«(<void M t*)tab.baaa)i 
4S7 t U(tab.tabla) 

4<ai fr»a{(Void_t»,tab.tabloji 
4fi»t 

470; raturn nt 
471: ) 
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8un Aug 14 11.55.45 1994 

i paracrine .zoo, act, cowl /nA^^ 

li »inelude "vdolhdr.h'» 

3i 

3l 

it /* Apply the transformation source ^target to reconstruct target 

S: TL1* code la daaigned to worh even If tho local machine has 

6 1 word sis ft entailer than that ot cho machine where tha da Lift 

7: «• was computed. A requirement 1a that "long" on the local 

a i ** machine oust be large enough so hold source and target sizes. 

9t •* it 1b also aaaumad that if an array la given, the also of 

10; that array la bytea must bo atorahln in in "int". Tela la 

11: uacd in varloui cast from "long" to "Inf. 

12i «» 

lit •» Written by {Kiem» ) Phong vo, lcpvijroaaerch.att.com. 5/20/94 

Hi V 

15 1 typedef atruet .tables 

16 1 [ Vdio^t ioi /* lo atruotura •/ 

17 1 uchax* arc, /* iguroe airing V 

IB i long ruarci 

19: uchor- tarj /» target atring y 

30 1 long njiari 

31: long fl-orgi /* a tart of window In oourcc <■/ 

33i long t_oegi /» start of window in target */ 

33t uchar datatlJB] i /• buffer for data transferring «/ 

34 1 char a^allon; /• 1 If eource was allooatad */ 

35; char t_elleo; /« 1 if target was allooatad V 

38 1 ohor ooaqpraaai /• 1 if compraasing only •/ 

37: H_OT«L (quick, recent, rhaza)/ /• addrasa caehei •/ 

38 i 1 TaUsuti 
39i 

30: at£ _92D„C 

31 1 atatic vdunf old ( table JP tab ) 

33i telle 

31 1 atatic vdunfoid(tah) 

34 i Tablet • tab: 

3St fandif 

36; t 

37 t zeg long aiia, copy; 

38: rag int Inat, Jc_typo, n, n 

39: rag uohar >ear, *ire> *to, *fr; 

40i zog long K, c_adftr, n^tar, ruarc; 

41: rag Vdio.f raadf , write f; 

43: rag Vddise_t* dlec, 

43j 

44; n_tar «■ tab-»n_tarj 

45: tar * tab-start 

45 1 n^inj - tab->ILJSCJ 

47: arc - Mboarci 
48: 

49 1 dlec - tab->io.diaof 

30: raadf - diao->readf| 

51 1 vrltaf - dlaovritafi 

33r 

53 1 for{t - 0. caddr • luerc; t < n_tar ( j 

54 1 C if^inat - vraEXCUvdlajt»)tBh)> < 0) 

33: return -1; 

56: *-fcyiw - RJSWCia»tj» 

57: 

3 8 1 if < I YO_IflC0PY (k Jtyna ) > 

59: t lfCK_I8HERGB(k_tyjie)> /» moygs/ftdd insinuation •/ 
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49 50 

8\in Aug 1* U:Mt4S 1994 

00, Blue - AJTC£t(lnat)T 

61, ila* if (A_iSHERJfiUMt>) /• locally coded ADD axxe •/ 

52 | pi*a » R_lGET<ilUlt)j 

S3, *Uo /* nan-locil fSO alia •/ 

(4, { lf<(Bi*B - VDCBTC((Vdio_t«Jtab)) < OJ 

65, r&tttrn -1; 

66, Lf<6lze >« t^MORS ifc 

67, CaiM ■ <longjc*_vd?etu)UVdio_t- jtab.sitBjj < 0) 
6Si return »1; 

ty, alze ■ >v_OEr(Dl.i») j 

70: 1 M 

71j lft(fc*otX») > n_fear) /• out of ayac V 

73 1 ratum *Lt 

7i, c.addr +- alltl 

74: 

73, /» ggpy dtcc from The dnle* Brraom to c*r$*e V 

7«i lortw) 

77j t Kjitari 

78, { U( (long) (n - ftlx«dC<taij->d*CAn > oixe) 

75, n - (IMlflz*; 

6D , ifn*jrdxe«d)ttVdio - t*|t«b,i:ilj-?d»t» r n) I- a 

*81, catuxn -li 

02, r • ('vsrltef ) {YD„rXR5ET, 

8 1, [Void.^Jtcib-XlBtar 
84 1 



Cap->t_oarafU, di»c)f 



as. icic i- n) 

B6, rtturn -i> 

87: ) 

qg. Bin 

89: ( a - tint>ii»ej 

90 1 liu*-Vd« < »dK<vaio_t*)t»b,t:M;«*t,r.J i- 

9!, cotuxn -li 

92: ) 

93, t +- n: 

l« { If (|ai» nj <• 0) 

95, br*4k: 

95« ) 
97 1 

9B i If <K_I5HOiaE<)C_tyyttl 1 

99, t ulna - ejTOCTlinst) j 

loo t K-typBj — 

Loi, goto do.ccpy; 

103; ) 
103: ) 

iSsJ * ** if {C iflHBHB(inat) ) /« locally oodftd COPY «l*e v 

106, also - CJ.Ctriit«t>i 

107; 

X08: I if{{«t«t ■ VOCKXC((Vdl0.t*lt«i») < 0] 

10 al eaturn -lj 

HO, if (ai.no >- JJIORE fit 

1U J {aixa - (long^» 1- Vdgetu>uTdio^t*>tBb.alXt)) < 0| 

112 j raturo -1; 

ai3 , six* - c_«T{aicol; 

114i 1 
119 : do copy t 

U6i " if(<t+iln) > n^tar) /* out of ay no V 

117. MtUtn -li 

118 1 
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SIM Aug 14 UiS5:45 1994 
t V mrm trrlnt.. «ftn »tfc emi /ft/in?vph a n/«r7/VwyB 0 «:w < »- H / W r e /llh A*ri»'. t&/vd U pri*T» i 

U9r if (< copy ■ VDOBTC<(Vsiio.t«itab)j « 0> 

laot return -l? 

131: If {X_Wa >- XJlDXCK s* Jc_ryp« < (K^QDlCK+R^gTXPEl ) 

iaaj qppy - eib-xiiilok(cepy t u*_typt"X_QOicx.«vo_aiT9>] 
133 i 

134: ( If <ca W >- I^OBB II 

125: (copy - aongK^Vflg^tujnVdlo^Jtab.capyjj c 0) 

12Ji raturn -1; 

137: lf(Jr_typ« >■ lUtECETI Aft Jc„type < <|C_RSCEJiI*K_SlEVPt) 

138! copy +- tabor»c«nttT?_typ» - *_REC5J*T3 / 

139: «l«e if(k.typ« — X_HER£> 

130 1 oDpy - coddr - eopy } 

llli /• elas H.typo « K.aELF •/ 

132: } 

133 1 K«VPDWB(t«b-?qula3c,x«h->x«o»ntitih->lrhtBO# coyy> i 

134i e w «ddr *- «ixa; 

133, 

13 6 1 If { copy < iu»«> /* copy from. teur» data »/ 

137: ( It neopy+BUs) > iLirc) /• out of ay no */ 

Uai return -l| 

139: if Care) 

14Qi C n - (int]alia> 

lilt fr ■ nroToopyt 

143: if {tar) 

143: ( CO - t«r-t; 

144: UEKCPy(tO,fr«ii)i 

145: ) 

U6t else 

U?! C r • (*vrttef>(VD_T*HGEr, !Vaid_^-)fr. 

n, 

146 j *ib->t_or*+t, disc>; 

149: iflt I- RJ 

±50: rstuxn -1; 

131: ) 

152: C +- a; 

1S3: > 

154 ; »Ut 

1S5: C it(rab->coaprao»j 

15S, f oopy tab»>tw_oj? ■ tab«>ruBroi 

1S7i inafc • YD_TMtaEli 

138. ) 
193 t else 

16D; I copy t»b->»_ar9"; 

162; 1 

W3i *«t i J ) 

a«4i < if (tar) 

ICS i C h ■ tiat)«l»«i 

IAS. r - (»r«t4f>(a.n«t 

lfi7t - CVDi4_*«Ktatf+e). a, 

ltfS: ) 
110: 

171l { n - aliaof (tab->doca(; 

173. l£((long)o > »!«•! 

173, n * (ine)«i*«i 

17<l r ■ (*«adf ninit- 

173 , |Void_f 1-saWdata.a. 
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53 



176; 
177: 
17BI 
179 1 
160; 

Iflli 
101] 
IB J i 
184: 
185: 
lOfit 
187 1 
186. 
IBS i 
190; 
191 1 
193 1 
193| 
1941 
/ 

19 Si 
196: 
197: 
19 5* 
199: 
ZOOi 
201 1 
f 

ao2> 

303: 

aoai 
aosi 

20fj 
207: 
200 1 
209: 
210 j 
211: 
213; 
213i 
214 1 
315 r 
216: 
217: 
218: 
219 1 
220: 
221; 
3221 
221 1 
324 1 
225 1 
226: 
227 1 
228: 
229 1 
230 1 
231: 
332; 



54 



SUn Miff 14 Hi S3 .45 1994 



t».*m«*^m Tnn..Tr_ffoml/'n/ < igVahQn7Q7/l m v/S W ^ r, i 

copy i dlo'C/t 
lf<r 1b n) 

r i curs -1: 
r - {•wri-tof) lVD_TiRGET. 

{Void_fjt«b->daro. a 



I 



fcab->e_©rg-e; disc)t 



if(r I- ft) 

rifturn -If 

t - n, 

if(J»iso — n) <- 0) 

break j 
oopy *■ iw 



/* copy from targ*t <S*t» */ 
copy - m a.«roi 

H(oopy >* t || |oepy*ai»«l > n.t»r> /• out-of-cync * 
return -lj 

torn;) /*. tor copying ovtvlippad data */ 

( rag long a, tw 

if((" ■ t-copy) > siae) 
j • lite; 

i£(fcori 

t to ■ tartt; fr » tar+eapyj o - <inC}« 

6ttMePV(to,Jz ( n)j 

t 4- n» 



1 

/* turd raid/writa 
& - ™py; 
«or(; i } 

t lf|(lanj}(n • Bi«BOf(t«b->dat«)) > aj 

n • <lnt>a; 
X " ( »W*df)<VD_0!ABGET. 

{vold_t fc ltab-:>data, n, 
a ♦ tab->t_org, disc >; 

i£(f l- ri> 

roxuxxi -1; 
r - (*vrifc«f MVD-.TMWET, 

<VoieL.t*>tab->data, n. 
t + t»b->t_or?, diic }; 

if tr !■ a) 

XOturo -li 

t +• a; 

IfH* — n) <- 0) 
braak/ 

• +■ m 

) 

if((»l«a — ■) " 0) 
bttokj 
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flun Aug 14 11;55;45 1994 
I Dftrftirinr . tofl . att . aom! /n/arvnhon/a? /Itpv/Sof tawri./«ir e /HT 3 /^l i- y«J ua j K . , » f _ | 

333. ) 
33* i 

335 i return 0; 

331 1 > 

237: 

338 1 "if SID_C 

239: long vdy?d»t«[Void^t- are, long n_ere, Void_t* tax, long' n^tar, Vddiao.t* duo) 

310i <aloe 

3«lt Long vdupdatetere, n_aro, tar, n_t«r. dUaj 

24 2 1 Void^t* arc? /■ iow« tiring if any •/ 

2al i long R„«roj /• length of ere V 

244 1 Void_t« tarj /* target apace if any •/ 

345 1 long njtar/ /■ ai*e of ter */ 

244 i Vddiso_t» diici 

347 i tendif 

2401 { 

24 9 1 Table_t cab; 

25 G i uoher *data, magic (6 J; 

35 It Int n, r; 

352 1 long t, f>, Window/ 

25)i Vdio.f readf, witefi 

294i 

3SSt if<idino || ldi.aa->reedf I! fitecil idiaeovritei") ) 

356; return -l>j 

257 i reads ■ diio->re»dij 

358 1 write* - difOwritef ; 

259: 

260 1 /• inixiflUx* 3Y0 buffer •/ 

26 It FlHITtfiteb-iOfdLac); 
263i 

363 t /• oheck magic header -/ 

264 i data - (ughftX* ) (VDJttCIC ) J 

2HSf for<a - 0; OJitftlnlj -^0) 

36ft j 

267: Lf((%.vdrea4} (*tab.lo r magia P n) I- n) 

3 SB: return -li 

259: for(tt If n >• Oj ~n) 

270: if (detain) i" nagle[n)i 

371i return -1: 
273. 

2?3; /• gat true target aUe */ 

274; ifut • [longJC-VdgetuMttab.iO/Oj) < 9 [I (tar tfi lutsx I- t) i 

275: return -lj 

276: n^tar - t; 

277 1 

37B: /• qnt true fouree aiie */ 

379: tf tit « {long}(*«vdgrtuj<fcteb.ia,on < a II (fro Sfc nj»re i- tj ) 

2B0t return -lj 

3ftl; n_erc - «j 
203 1 

2Bii /*■ gst window else •/ 

284 1 if uvindo* • tlong, [•jvdgMU] <«tab.lo t 0n < 6) 

2B5t return -lj 
29 Si 

287; tab.oomproea - njoxo -■ 0 7 1 i Qi 
290 1 

299 ; /• if -we have epaco, it'll be f eater to unfold V 

290i tab. tar - tab.jiro - HIL(uohar*)i 

291; tab.t.alloc - tab.e_alloc - 0; 
392; 
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' pomgrlna , iaa ■ atfc ■ qdbu /n/orvphon/ffT /vyv /anrtwar* /aw/i ih/vj^ign /.M,. r d P > fl P ~ 

393} if<n_tor > 0 fi« jwr t« window < (louj)MXXtNfi 

394i ti - (intjwindOHj 

29Si mlsa n - 0| 

295: if(n Hit (tab. tar • [uohar*»»«lloi5<«MiC»OXCsioh«t|)) ) 

297: tab.t.alloc - li 

390: 

399i if(n_arc > 0 cs toxo t& window < UongjMAXiKT} 

300: q, - (inb)wlr^fjvf 

301: olaa ifftuflEo " 0 44 window < b_w t* I tor U HJSDOl<Vindow} < (lonffJUWINT 

303! & - (iar}K£ADEK(WJtndow) j 

303 1 elaa n - Q} 

104i if[n > a se (ti&.ire - {uetuur«)iaalloo4a'BiKeDf (ueharm 1 

305« t*b.«_*Uoa » 1) 

30Ci 

107i Jw(t * 0: t * n_t*ri ) 

3QBi { tttb,t_otg « t; /• current location in. targaC at roam V 

3091 

310: if(IUflrO --Oj /• data conpsajalon '/ 

311) < tab. ■.org - Or 

312: 

313i «(t — Q) 

314 1 fcab.tussc m Qj 

315: elat 

31^1 ( tab.n_arc - HEADER (window) , 

317 v p - t - tab.A-*rci 

318: lf{ter» 

319 1 tab. arc - (uchax*jtar * p r 

330: also i£(tab.are| 

331i ( n • (intjtab.njrci 

333: «(t*b.tar) 

333 1 { data - tab, tar * tnb.rutar - m 

324 ! noncpyf {Void_t* ) t*b,aro, (Void_t-)data 

333 1 1 
33d t alae 

337: ( r - <*raadfMVD_TMWPP/tab.aro,n,p,dt 

ac)> 

33B« i£(r i*i n) 

329 i goto dona; 

330i ] 
331: ] 
333. ) 
333; , 

334; alia y" data diXfaraacino •/ 

335 i { tab.zuiTC • window) 

336i If It < n^atcj 

117i { ifl|t+WIadow) > fcjtrc) 

3 18 1 p - ruoro- window i 

33.9s aloe p - ti 

340: 

34ii tAb.a_Q.Eo - pi 

342) 

343: if(sxc) 

344i tab. arc - (ucbar*)arc v p> 

345i alaa if (tab. arc) 

34Ii ( n - (int)tab.tu*re; 

347i r - <«raadf j{VD_90tracE,tAb.arc,i».p,disc) i 

349t ifir l- nj 

349s goto dona; 

3un Aug 14 11153:49 1994 

■ Boregg I nn . . att . con I /n /0Tvnhr>n/<r? /*mr/Bor eva M /« ™ /3 1 * /vh>i 

330 1 ) 
3Sli ] 
333: } 
333! 

334: it {tar] 

355 t tab. tar « (uehar*)tarrti 

356: tab.n.,ear * window < (iv.tar-ti ? window i (n_tor-t) f 

35'; 

35fl> k_imit< tab. quick, tab. ra cant, tab.r her •} ; 

339 1 if (VdURfflldCltab) < 0) 

3fl0j goto donor 

3fili if (l tar «•> tab. tar) 

"2 1 C p ■ | *writa£) (vd_TWM3CT, < VoldJt* j tab . tar, { int ) tab . n^tar . t , di* 

o)> 

36Jj if{p i- tab.n_tar> 

36*: B o 
365 1 } 
3FC i 

3B7i t +- t*b,n«tar» 

3«8: ) 
3S9i 

370 : dona t 

371i if (tab.t_ollocj 

372 1 free ( ( Void_t» } tab. tor > ; 

373< lf(tab.a_allao> 

37 4 1 f raa { < Vold.t* > tab . are j ; 
373i 

37 S: rat urn t; 

377i ] 
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9Un Aug 14 Ur 54:34 1994 
l pqfpgclttn.aflfi.tU.goial /n/mpnBnW/tovfSpCtiwflVBiqVI Ib/Vtirltp^flln.n ■ 

li liruiLudo 'vdalhdr.h* 

2i 

3f 

4: »it 37D_C 

Si atatio _vdflibuf{rag Vdlo„t» io> 

€ I i tlx* 

7 1 static tlhuf < le ) 

9i reg Vdla_t* ioi 

9 : f endif 

19: ( re? lot u; 
III 

iai ir((R- («RExor(ign(Vo^oELTA,8Dr(io).Bi:rsizzi(io).uis£[io),Dzsc(io})) > oi 

13: { ETOB(io) - (SEXT(IO) « «0T[ia}) * nj 

lit HERB<iO> *• Hi 

13i } 

16 i return nj 

17. J 
18 1 

is i nt _sa»_e 

30 1 atatio _vdf labuf <*eg Vdio_t» toj 

ait »oi»B 

33 i atatio jvoflibuf Ho) 

ail rug Vdio_t* lot 

34: leitdif 

35: I reg int n; 

36: 

37* ±f((n - HEXT(io) - Borcioj) > a CI 

29. (•♦rtllTBF{io>J{VD^PlltTX,Bur{io>,n,ReB»{io) ,0130(10)} I- n) 

39 1 return -1; 

31: HURB(io) +- n; 

33: HIXT(io) • BUF(iO)| 

33 1 return ■UMME[ia)j 

34i J 
13 i 

36 j #1* _9TD_C 

37. »tfttie ulong _vdg«tu(r«g V&iojt* io, tag ulong v) 

39 i telae 

39 i atatio ulong .vdgatu(lo.v) 

40 1 regvdiu_t* loj 

4Li reg ulong v> 

43 i vendlf 

43: ( rag int ci 

441 

45t foriv a- xj»*z-lm 

Hi I lf((c - VDGOTCUo)) < 0) 

47 1 return (ulongM-ltJi 

46! If 1 1 (etX_}t0BE) ) 

49i return ( <v*«LJBIFT) I c>, 

50j V • (V«r_8BlPT) I (C ft (IJJ0RB-1JH 

51> 3 

■Mi 1 
53 1 

54 1 lit STD_C 

S3 i etatie _vdputu{reg Ydto_t* 1p# 

56 1 laloe 

37 1 atatio _vdp utu. {to, v ) 

58 i rag Vdio.t* iof 

59 i reg ulong rj 
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SUIl Aug 14 11,54134 1994 
I nr.TKgnni.tnn att,nnmiiai/arVDhott/o?/)epvyBQixvr H /»f n /Hh/v^^- < ./^, r[ ff | 

CO j »endif 
«li { 

S3: rag uahar •», "tvaxti 

43 1 x*q a.nt Un; 

Sit ucaar clAiaaaf (ulong}+ll) 

«3: 

06: S • dixc - &g|aizBof;<:«11) 

«7i *• - t_cgoimi 

cbi whiic((v i_gHxrt) ) 

€9: -»--3 - I.C0DS(v>|IJH0R)Q; 

70: len - (rm>x-8) - X; 

711 

72 1 if (JtEXAIXlio] < len aft M vdfildhu((io] <- 0] 
71 i raturn -1/ 

75 1 mutt « lO'JDKti 

7f; BviceK(len) 

77. < 

78 1 default: wamepyj (Voi«5_t»j next, (Void^f ja.ltn) j next +• Ian; braakj 

7*j cue 3 1 •Mixt+* - *Bi-pf 

BO l OB«e 3 i •naxt+* - "B-M-i 

81i case Li *MXt-+ - *aj 

82i J 

03i lo->naxt - next; 
04 1 

OS i return lenj 

0(i. ) 
07 1 

96 1 lif _SXS_C 

09: Beetle _vdread(Vdio_*« io, rag uohor* ■< rag iat a) 

90: ••He 

91: 8t«.tie _Vd*ead(io« a, n> 

93: vdloit- io: 

93: re? uoher* ai 

94: rag int nj 

93 1 MndU 

94; £. 

9? i rag ueJu»r« next; 
90 1 reg int T t mj 

99 I 

100: far (in ■ ni m > 0; ) 

101: I tfl<r * WBatmio)) <- 0 6* (r - ..vdfilbuftio)) <- ©> 

102: braaki 

103 1 tf(r > m) 

l04i x ■ mt 

105i 

106 1 a«t ■ la<*next; 

107: KWCFV(a,n*xt,r) ? 
100: le-onext - next j 

1991 

110: m tl 

111: ] 

111.* r«turn n-pu 

113 1 > 

X14f 

lis t a if _3Ti>jC 

114 1 scat 10 _vdvriee(Vdiojt* io, rag ucher* I. ran; int n| 
117: talae 

11B: atatic _vdvrieeiie, m, nj 
115 1 Vdio.t" U) 

Sun Aug 14 lli54:34 1994 

' tsarina .aoo. ebb, comi/n/gra^ 

120: rag uehar* bj 
lali rag int n> 
122: «enSif 
132 1 I 

124i r*g ucbar* MXtt 
125: rag ine v, mt 

126-1 

127 t for(m ■ n: m > 0i ) 

129: ( lf<(w - UUa.tH<loj) <- 0 aft |« - jvdflabuf <ioi> <- 0) 

129; break i 

130: it(vr > n) 

131: vr » mt 

132: 

133: MXt ■« io->next; 

134: KEHCPK<n«t,a,«)j 
135: iconext next? 

134 1 

137: m — 

13Di ) 

1301 raturn n-nu 

140 1 j 
141: 
142 1 

143i Vdbufio.t _vdbuf lo ■ 

144i ( _vdfilbuf, 

145i _vdflabu£, 

110 i _vdgatu, 

147: _YdpUtU, 

1«0 i _vdread, 

149 1 _vdrrito 
ISO. U 
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01000110 
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[mi a] 



[H1B] 



R — ^When buying coconuts, 
ttK-H-» 2-J 3 4 5 6 7 



, moke sure that I 



Shake them to make oure that. they arc 
t7 16 18 Z0 21 22 23 24 



are crack free and 
8 9 10 II 

have no mold an them. 
12 13 14 1516 • 

Now hofd a coconut in one hand over a sink 
28 29 3031 32 33 34 35 3637 

and hit it around the center with the daw end of a hammer. 
38 39 40 41 42 43 44 45 46 47 434950 



heavy with water. 
25 26 27 



T » 



Hawaiian 



lanute, make 8UI 



6 7 



are crack free and 
8 9 10 11 



1 





* m s 




1 When 


16 them 


31 it 


2 buying 


17 Shake 


32 around 


3 coconuts 


IB to 


33 the 


4 make 


19 heavy 


34 center 


5 sure 


•20 with 


35 claw 


6 that 


21 water 


36 end 


7 they 


22 .Now 


37 of 


8 are 


23 hold 


38 hammer 


9 crack 


24 a 




10 free 


25 in 




11 and. 


26 one 




12 have 


27 hand 




13 no 


28 over 




14 mold 


29 sink 




15 on 


30 hit 





Shake them to make sure that they are 
17 18 19 20 21 22 23 24 



hove no mold on them, 
12 13 14 15 16 

heavy with water. Now hold a coconut in one hand over a sink 
25 26 27 28 29 3031 32 33 34 35 3637 

a brick 

and hit It around the center wit] 
38 39 4041 42' 43 44 45 48 47 48 4950 



I1C] 



When buying IHowoiiani coconuts, moke sure S crack free and 
2-* 3 4 5 6 TB 9 10 11 

have no mold on them. 
12 13 14 15 16 



2 



heavy with water. 
25 26 27 

and hit it around the center wflh 
38 39 4041 42 43 44 



Shake them to make sure that they are 
17 18 19 20 21 22 23 24 

Now hold a coconut in one hand over a sink 
28 29- 3031 32 33 34 35 3637 



2 



[HID] 



„ , coconuts, make sure that they are crack free and 

i«* 2=^3 4 5 6 7 8 9 10 11 

have no mold on them. Shake them to make sure that they are 
12 13 14 15 16 17 18 19 20 21 22 23 24 



heavy m'th water. 
25 26 27 



Now hold a coconut in one hand over o sink 
28 29 3D 31 32 33 34 35 3637 



and hit it around the center with the ctow end of a 
38 39 4041 42 43 44 45 48 47 4B4950 
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copy 2 i 

tfr * I 



When buying 
1 2 
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1 When 


16 them 


31 it 


2 buying 


17 Shake 


32 around 


3 coconuts 


18 to 


33 the 


4 make 


19 heavy 


34 center 


5 sure 


20 with 


35 claw 


6 that 


21 water 


36 end 


7 thBy 


22 Wow 


37 of 


8 ore 


23 hold 


38 hammer 


9 crack 


24 a 


39 Hawaiian 


10 free 


25 in 


40 all 


11 end 


26 one 


41 brick 


12 have 


27 hand 




13 no 


28 aver 




14 mold 


29 sink 




15 on 


30 hit 
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When buying coconuts, moke aura that they are crack free and 
1 J 2-* 3 4 5 6 7 8 9 10 11 



have no mold on them. 
12 13 14 1516 



Shake them to make sure thai they are 
17 IB 19 20 21 22 23 24 



heavy with water. Now hold a coconut in one hand over a sink 
25 26 27 28 29 3031 32 33 34 35 3637 

and hit it around the center with the daw end of a hammer. 
38 39 4041 42 43 44 45 45 47 484950 



1 



t ADD 1 Hawaiian - 
ft -¥* 2 



When buying Hawaiian 
1 2 3 



When buying I coconuts, moke sure I thai they are crack free and 
1-> 2-* 3 T 4 5 6 7 8 9 10 11 



have no maid on them. Shake them to make sure that they are 
12 13 14 15 16 17 18 19 20 21 22 23 24 

heovy with water. Now hold a coconut In one hand over a sink 
25 26 27 28 29 3031 32 33 34 35 3637 

and hit it around the center with the claw end of a hammer. 
38 39 4041 42 43 44 45 46 47 4B4950 
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COPY 3 3 

ft H 3 



When buying Hawaiian coconuts, make sure 
1 2 3 4 5 6 



[01 G] 



[HI HJ 



When buying coconuts, moke sure that they are crack fn 
M 2-* 3 4 5 6 7 8 9 10 



have no mold an them. 
12 13 14 15 16 



free and 
11 

Shake them to make sure that they are 
17 18 19 20 21 22 23 24 



heovy with water. Now hold a coconut in one hand aver a sink 
25 26 27 28 29 3031 32 33 34 35 3637 



and hit it around the center wit 
38 39 40 41 42 43 44 



i the clow end of a 
45 46 47 464950 



When buying coconuts, make sure that they 
1-* 2-* 3 4 5 6 7 



1 



ADD 1 all- 

ft * 4 



"1 



When buying Hawaiian coconuts, make sure all 
1 2 3 4 5 6 7 



12 



s no maid on them. 
13 14 15 16 



heavy with water. 
25 26 27 

it 

404T 



ore crack free and 
8 9 10 11 

Shake them to make sure that they ore 
17 18 19 20 21 22 23 24 

Now hold a coconut to one hand over a sink 
28 29 3031 32 33 34 35 3637 

thB center wRhl the clow end of a hammer. 
42 43 4+ 45 46 47 48 49 50 

#4vf 



I 



I 

When buying Hawaiian coconuts, make sure all [are crack free and] 
1-* 2-* 3 4 5 6 7 18 9 10 11 I 



[have no mold on Ihem. Shake them to make sure that Ihey are! 



u 



112 13 14 15 18 17 18 19 20 21 22 23 24 ! 



heavy with water. Now hold a coconut In one hand over a sink 



'25 26 27 28 



29 3031 
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3233 34 35 3637 
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When buying coconuts, moke sure that they are crack hue and 
1-* 2-* 3 4 5 6 7 6 9 ID 11 

have no mokJ an UiBm. 
12 13 14 15 16 



Shake them to make sure that they are 
17 18 19 20 21 22 23 24 



heavy with water. Now hold o coconut m one hand aver a sink 
25 26 27 28 29 3031 32 33 34 35 3637 

and hit it around the center with the daw end of a hammer. 
38 39 40 41 42 43 44 45 46 47 48 4950 
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4. COPY 
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20 
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t ADD 2 a brick -* 
ft * 6 



tag Hawaiian coconuts, make sure all are crack free and 
3 4 5 6 7 8 9 10 11 



have no mold on them. 
12 13 14 15 16 



Shake them ta make sure that they are 
17 IS 19 20 21 22 23 24 



heavy with water. 
25 26 27 



Now hold a coconut in one hand aver a sink 
28 29 3031 32 33 34 35 3B37 



1 



and hit it around the center with a brick 
3B 39 40 41 42 43 44 4546 

t 



1 [ 



2 



1 



I2B] 



fit: 
ti fit: 



i 0 1 2 3 

I , 

, t , 
abed 
t f t 
16 17 18 



ft <fr(C0PY 4 0 L *«f y* «flfil 6) 



t, 



a b a d a 
t 



c d e f g 
12 
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[me] 



i 



gym 

* * ; o b[c""dl obcdobcdefgh 
oiZi 15 



ASCII 0D11 110 
ASCII 



1000 111 



10QQ 111 



X0R[1D1JJ)D1 



d 

0100 110 



1001 111| -i 
1001 111 J 



0011 llOjOlOO HO- 



KE?* 

| * 

ADD Z 2 FlDU DDriiaT OQll- 

1 T J 



iToijioi]— 



a is * * 



1 



4gf3W 1. inaert(T l saq 1 p I oric|) 

2. | Key = ssq[j>,p+1 p+MlN-l]; 

18 j 3. pes = p+orig; 

X ?: d b[c~d]n b c d a b c d b f g h 4 * . ,n9ert WP*0 into T; 



ft «: 0 1 21 

_JL 



IS 



Asai[mi2Ji0JL0IDDjipH 



-ADD 2 2 L!PiL^Lj]?IiE)]"j 



i 




•—1011 001 1101 001 

I 

0011 TIDjOtOD 110-- 1 

xor [ioo^"TiJjoo5"Ti] 
~ T~ "T" 

ASCII x ASCII y 



[02 A] 



[02C] 



A-j>nV 
1 



A— 3>3 V 
2 



to e; 



obcdobcdc- 

t t t 

0 1 2 



b c d e f g h 
' 15 



abcdxyxyxyxybcdei 

urn t 

16 17 18 19 20 32 



A-y 3 > 
l 



copy + o 

ADD Z x,y 
COPr 6 20 
COPY 5 9 
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abcdabcda bcdefgh 



t M t 

0 12 3 



t 

12 



t 

15 



9 ^(ADD2[^y|-J 



r i 

a b c d x y 
t t t 1 
16 17 18 20 
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[H2E] 



A— 
! 



A-JJgS' 
2 



to fi 

St 



* <fr[C0PY 6 20 



abcdabcdabcdeTgh 

t t t t f t . t t w> 

0 1 2 3 6 9 12 15 l 



I 



bed 5 jjj x y x y x y' 



t t t 
16 17 18 



20 



22 



A-S?** 
2 



* *(C0PY5 9 



£ abed, abedajbed _a_f] g h 

t t t ♦ t \ t t 

& S: 0 1 2 3 • • 6 9 12 15 

1 

£ =£: obcdxyxyKyxybcdef 

M t t \ t 
fc K: 16 17 18 20 22 28 



*H2>* «ftR2B)- 
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0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 I I I II I I I I I I I I I t. 
obcdabcdabcdefg h J^fri 
a * 

obcdabcdabcdefg h]3EfT2 
A a J 

abcdabcdabcdefg h ] Sttfr3 

AAA * 

abedobcdabcdefg h]sS74 

A A A A 

abcdobcdobedefg filsfr5 

A A A A ' 1 ' . * 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
\ \ M W \ \ .\ I I I I i I i 
a bodJabcdjabedefghjTA 

ECIIIZS 0 b c d t I 9 ii]lB 



abed 

A A A A 



a be d| fcTbcdlgbcdefghlTC 

A A A a| 1 | J 



abed 



abcdobcdobedefg h I jSlm 

A A A A AAA J 

obcdabcdabcdefg h JSEff© 

A A A A A A A A ' 



abed 

ft * fl A 



jp""b~c~d] abedefghlTD 

L=-J 

&IIIIIdj obcdefgh]TE 



b c d [fl^_c"d_^a] b c d e 51? IQ] «K 

AAA ™" T^"" — *"" A A A A ~* 



' 



IH2G) 



0 1 2 
t 4 J 
e d 



4; J 

La a 



c d 



10 

a b e d e 

A A A A 



15 

f g h 



bcdayxyijrxybcdg 
2D 30 



COPT 4 0 
abed 

AAA 



xyxyxyxybcdef 



3S5S 

4 S 6 7 B 9 10 U 12 13 11 15*- to B — D 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 



0 12 3. 

4 4 M 4 4 * M W 4 4 14 4 

o b c d o b c 



a b c 
o b c 



A A A A 



d a b 

A . 

a b 



b c d 



b c 



A A A .A 



□ be 



d a b c 

A 

d a b o 



b c d « 

A A A A 



h]ti 

h]l2 
h)l3 
h]T4 
h]T5 
h]T6 



A A 



b c 

A A 



b f g h 



,4 4 1 1 4 4 4 4 4 4 4 4 4 4 4 4 

T7[o bedabedobedefgh 

A AAA 

78 [a b e d a b 

A AAA 

T9 [ d b c d a b 

A AAA 

710[d b c d o b 

A A A A 

T1l[a b c d o b 

A AAA 

T12[d b e d a b 

A AAA 



c d a 
c d a b c 

A, A 

c d a b c 

A A, 

c d o b c d 

v AAA, 

c d o b c d 

.AAA 



e r 
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0 f 

A 

e f 

A 

B f 



a b c 



d x y 
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yxyxybcdef 



■[a b . d g 
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[H2H] 



16 17 20 21 22 
♦ » \ M 

obcdxyxyx 



HI 



y x y b c 



d e f 



(2 2Ktt7?*'4Jn:«v>) 

EXTENDHttSrJUJ- 



8L* 



15 17 
< i 

o b c d 

A A ft 

ADD 20 x,y 
COPY 6 20 



20 21 22 
x y x y 



x y 



b c d 



5 Z 



e f 



15 17 20 21 26 
-obcdxyxyxyxy 

ft A A A ft i | ' 



16 17 

a b 



20 21 
t i 
d x y 



16 17 
\ \ 
-a b c 



20 21 
\ * 
d x y 

ft A A 



c d e f ]T10 



27 
\ 

x y x y b 

i 



i i 



c d e f)TU 
A-2>aV2 



x y x y x y b c 



d e f)T12 



[0 3] 



1Mb] 



1. 

2. 
3, 
4, 
5. 
6. 
7. 

a. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 



n = !ength(VERS!0N1); 
C = 0 
while(true) 

J inst ~ readinstQ; 
if(fnst end-of-file) 
return; 



ff(inst = ADD) 

readdnta(VERSI0N2+c.s): 

else 

j p = readposO; 
% '< n) 

copyftERSONZ+c.VERSIONI +p,s); 
else copy(VERSI0N2+c I VERSK)N2+p-n l s); 

c = c + s; 



1. 

Z 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10, 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
16. 
19. 
20, 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2B. 
29. 
30. 
31. 
32. 
33. 
34. 
35, 
36. 
37. 
SB. 
39. 
40. 
41. 
42, 

44. 

45. 



i 



InltloBzs table af positions T to empty; 
process (VERSI0N1); 
proc855fVERSlON2); 

r8ss[seq) 
n = lengthfVERSIONI); 
m - length(seq); 
c = 0; 
add - -1; 
pas - -1; 
len = WN-1; 
vMbft) 
*nlfe(1) 

{ p = wwrchftsBq.cton); 
rf(p < 0) 
break; 

len = extendfTjeq.upJen); 
pes = p; 

Los < 0) 
| iT(<rfd <0) 
odd « c 
rf(s*q « VERS0N1) 
friBertfr,BBq,c,0); 
else foBertftseq.cn); 
o « c + t; 

elss 

J lf(seq = VERS0N2) 
write!nst{cdd,c ( p05,ton); 
p = c+!en~(MlN-1); 
whTlefp < of len) 
{ iffseq — VERSION!) 
lnseftjT,seq,p,0)j 

j P = p+1 

c » c + ler« 
"' = -1; pcs = -1; len = MIN-1; 



>- m-MIN) 
break; 



(seq = VERS0N2 and add >= 0) 
»ritelnst{addjn.-1.0); 



I. 

Z 

3. 

4, 

5. 

6. 

7. 

S. 

9, 
10. 
11. 
12. 
13. 
14. 
15. 



extend(T^eq,c l p.len) 
{ n = lengfift 
if(p<nV 
sir = VERSON1; 



str i 
P - 



» VERS[0N2; 
p-n; 



\ 

I 

m - lengthfeeq); 1 = c + len + 1; 
n = 1ength(sir); J = o + Ion + 1; 
whilefi < m and J < n) 
If(aeq[l] !=* seqDD 
break; 
return i-c; 
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(38) 
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[H7] 

1. search(T,seq l c,leri) 

2. | n = length(VERS!0N1); 

3. p = c + len - (MIH-1); 

4. key « 8eq[p,p+1 p+MIN-1]; 

5. for(ea'ch entry « in T that matches key) 

6. { pos =s position^); 

7. iffo >= n) 

8. j str = VERSI0N2; 

9. q = po5-r; 

10. ) 

11. else 

12. j str = VERSI0N1; 

13. q = pos 

14. 1 

15. d = q - (len - (MIN-1) ); 

16. if(d>=0) 

17. ff(3eq[c r c+1,..,p-1] == Blr[d,d+1 r ..,q-l]> 

18. return pos - (len - (MIN-1) ); 

19. t 

20. return -1: 

21. ! 
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DISTRIBUTION OF SOFTWARE UPDATES accessible information and which can provide low cost 

VIA A COMPUTER NETWORK communications between Internet-connected computers. It 

is known for software vendors, customers who have Internet 

FIELD OF INVENTION access to access the vendors' Web sites to manually check 

„, , . , . - » c lists of the latest available versions of products and then to 

Hie present invention relates to distribution of software Qrder ^ ducts on . line> Tnis reduces the ^ ouni of 

via a. computer network and to a mechanism for accessing paperwork i nvo lved in ordering software (and is equally 

software enhancements, corrections or new versions via a applicable to other products). Some companies have also 

computer network. A 'network' of computers can be any enabled their software to be downloaded directly from a 

number of computers that are able to exchange information Web site on a server computer to the customer's own 

with one another, and may be arranged in any configuration 10 computer (although this download capability is often 

and using any manner of connection. restricted to bug fixing patches, low cost programs, and 

demonstration or evaluation copies of programs, for security 
BACKGROUND reasons and because applying patches tends not to require 
Software has conventionally been distributed in the form any change to pre-requisite software or any data migration), 
of programs recorded on a recording medium such as a 15 Information about the World Wide Web can be found in 
diskette or compact disk. Customers buy the recording "Spinning the Web" by Andrew Ford (International Thorn- 
medium and a licence to use the software recorded on the son Publishing, London 1995) and "The World Wide Web 
medium, and then install the software onto their computers Unleashed" by John December and Neil Randall (SAMS 
from the recording medium. The manufacture and distribu- nn Publishing, Indianapolis 1994). Use of the WWW is grow- 

tion of the pre-recorded recording media are expensive, and 20 "8 t" h T ™* bin .^ 0 . n ° f 
... . f„ , , * *u # « . aw* *u a jff^t flexibility, portability and ease-of-use, coupled with inter- 
this cost will be passed on to the customer. Also, the effort niulumedia presentation capabilities. The WWW 
for customers of ordering or shopping for the software is any connected t0 f he Intemet and having 
undesirable. ^ appropriate software and hardware configuration to 
The distribution cost is particularly problematic because ^ retrieve any document that has been made available any- 
most software products are frequently updated, both to where on the Intemet. 

correct bugs and to add new features, after the software has This increasing usage of the Internet for ordering and 

been delivered to the user. Some types of software products distribution of software has saved costs for software 

are updated many times each year. The cost of sending a new vendors, but for many software products the vendor cannot 

diskette or CD to all registered customers every time the 3Q j^t rely on all customers to access his Web pages at 

software is upgraded or corrected is prohibitive and, appropriate times and so additional update mechanisms are 

although many customers want their software to be the most desirable. 

up-to-date, highest performance version and to be error free, ^ we y as tne pro blem of manufacture and distribution 

not all customers want to receive every update. For example, cost assoc j ate d with distributing media, there is the problem 

the vendor may charge more for updates than the customer 35 tnat cus tomers typically need to make considerable proac- 

wants to spend, or new versions may require upgrading of ^ ve en * ort t0 nnd out wne ther they have the best and the 

other pre-requisite software products which the customer j atest vets ion and release of a software product and to obtain 

does not want to buy, or migrating to new versions may and apply up d a tes. Although this effort is reduced when 

require migration of data which would disable the custom- Internet connections are available, even a requirement for 

er's system for a period of time. AQ proactive checking of Web sites is undesirable to many users 

Thus, software vendors tend to publicise the availability since it involves setting up reminders to carry out checks, 

of new versions of their software and leave it for the finding and accessing a software provider's Web site, navi- 

customer to decide whether to purchase the latest upgraded gating to the Web page on which latest software versions and 

version. For some software products, however, it is appro- patches are listed, and comparing version and release num- 

priate for the software vendor to proactively send out 45 bers within this list with the installed software to determine 

upgraded versions, or at least error correction and enhance- whether a relevant product update is available and to decide 

ment code (known as "patches") for their software products. whether it should be ordered. There may be an annoying 

Whatever a particular company's policy, significant costs delay between ordering an update and it being available for 

and effort are involved in releasing these various types of use, and even if the update can be downloaded immediately 

software updates. 50 the task of migrating to an upgraded version of a software 

Increasingly, software distributors are using the Internet product can be difficult. If these steps have to be repeated for 

as a mechanism for publicising the availability of updates to every application, control panel, extension, utility, and sys- 

their software, and even for distributing some software. The tern software program installed on the system then updating 

Internet is a network of computer networks having no single becomes very tedious and time consuming. Therefore, 

owner or controller and including large and small, public 55 manual updating tends not to be performed thoroughly or 

and private networks, and in which any connected computer regularly. 

running Internet Protocol software is, subject to security There is the related problem that software vendors do not 

controls, capable of exchanging information with any other know what version of their software is being used by each 

computer which is also connected to the Intemet. This customer. Even if the latest version of their software has 

composite collection of networks which have agreed to 60 been diligently distributed to every registered customer (by 

connect to one another relies on no single transmission sending out CDs or by server-controlled on-line 

medium (for example, bidirectional communication can distribution), there is still no guarantee that the customer has 

occur via satellite links, fiber-optic trunk lines, telephone taken the trouble to correctly install the update. This takes 

lines, cable television wires and local radio links). away some of the freedom of software developers since they 

Tne World Wide Web Internet service (hereafter 'the 65 generally have to maintain backward compatibility with 
Web') is a wide area information retrieval facility which previous versions of their software or to make other con- 
provides access to an enormous quantity of network- cessions for users who do not upgrade. 
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It is known in a client-server computing environment for out requiring any interaction by the user after an initial 

a system-administrator at the server end to impose new agreement of update criteria. The update criteria can be 

versions of software products on end users at client systems associated with the products' licensing terms and conditions, 

at the administrator's discretion. However, this has only This ensures that users who adopt a suitable update policy 

been possible where the administrator has access control for 5 can always have the most up-to-date software available, with 

updating the client's system. This takes no account of users erTors bein g corrected automatically from the viewpoint of 

who do not want upgrades to be imposed on them. The » d ° es not need to know where software 

r , " , , , . *, A e ^ « updates come from, how to obtain them or how to install 

Yet a further related problem * that software products ^ ^ ^ date nent takes care of this , The 

often require other software products to enable them to software yendor avoids hayiflg tQ ship special CDs or 

work. For example, application programs are typically wnt- 10 tQ COfrect errors 0f provide additioaal features; the 

ten for a specific operating system. Since specific versions of vendor can easily release code on an incremental basis such 

one product often require specific versions of other products, tnat customers receive new product features sooner and with 

upgrading a first product without upgrading others can result n0 effort. 

in the first product not working. An updater component according to a preferred embodi- 

"Insider Updates 2.0" is a commercially available soft- 35 ment of the invention performs a comparison between 

ware updater utility from Insider Software Corporation available software updates and installed software on the 

which, when triggered by the user, creates an inventory of local computer system to identify which are relevant to the 

installed software on a user's Apple Macintosh computer installed software, compares the available relevant updates 

and compares this with a database of available software with update criteria held on the local computer system (these 

update patches (but not upgraded product versions) and 20 update criteria are predefined for the current system or 

downloads relevant updates. "Insider Updates" shifts the m user ^ and *«i automatically downloads and applies 

responsibility for finding relevant updates from the user to so ^ are u P dat °? **** . saUs ^ the Predefined criteria. 

J^U^f^ the accL to update patches is J^S^^ 

limited to a connection to an individual database and the ded versions f n accordance with both the predefined 

tasks of scanning the Internet and on-line services to find * dale C]dteria and for instaU ation which are 

updates and of maintaining the database of available updates downloaded together with the program code required for the 

require significant proactive effort. "Insider Updates" does up date. This feature of executing dynamically downloaded 

not install the updates or modify the user's software in any instructions provides flexibility in relation to the types of 

way. "Insider Updates" does not address the problem' of updates that can be handled by an updater component. It can 

unsynchronised prerequisite software products. 30 also be used to enable a single generic updater component to 

A similar product which scans selected volumes of a be used with many different software products, 

computer system to determine the installed software and Alternatively, the installation instructions for certain soft- 

which connects to a database of software titles for the Apple ware updates may be pre-coded within the updater compo- 

Macintosh, but does not download updates, is Symmetry nent. The "software resources" are typically a combination 

Software Corporation's "Version Master 1.5". 35 of program code, machine readable installation instructions 

. , 4 j . . , . « „ ou _ and any required data changes such as address information. 

An alternative ^update i approach is provided by Shaman Information for use m identifying a network location 

Update Server 1.1 ^ from Shaman Corporation, which bg Hdt Qetwork locatioQ M ^ ation or it be a 

consists of: a CD-ROM (updated and distributed monthly) sof ^ are v * ndor name or otQer information which can 

that users install on a PowerMac file server; client software 4Q be used ^ a search parameter for identifying the location. In 

for each Macintosh computer to be inventoried and updated; ^ preferred embodiment, the in f ornial i on is a prod uct 

and means for accessing an FTP site storing a library of identifier which is provided by the updater component to a 

current updates. "Shaman Update Server" creates an inven- search e • tQ kitiate a search to identify the relevant 

tory of networked computers and downloads and distributes netWQrk locatkm at which are stored tQe resources 

latest versions of software to each computer Network 4S for implementmg updates to mat product. This search may 

administrators centrally control this inventory and updating be performed by a conventional Internet (or other network) 

process. The distribution of CD-ROMs has the expense search eQgine which fe ca]kd by lhe updater compone nt. 

problems described earner. the SBarch engine retums ^ identification of the 

SUMMARY OF INVENTION network location, the updater component retrieves from this 
. , . .50 location a list of available relevant updates, checks the list 

According to a first aspect of the invention, there is against the locaUy held software product version and against 

provided an updater component for use in updating one or ^defined update criteria, and retrieves the update resources 

more computer programs installed on a computer system ontQ lhe bca j computer 5ystem jf ^ cdiclisL are sat isfied. 

connected withm a computer network, the updater compo- According to a preferred embodiment of the invention, a 

nentmcludmg: 55 s t an dardised naming convention is used for software 

information for identifying one or more locations within resources from which to build software updates, and the 

the network where one or more required software updater component can search for these resources on a 

resources are located; Network Operating System filesystem. This allows software 

means for initiating access to the one or more locations to resources to be stored at multiple locations to mitigate 

retrieve the one or more required software resources; 60 against network availability problems and makes it easier for 

and developers and distributors to provide their error-fixing 

means for applying a software update to one of said patches and upgraded versions of software products. For 
installed computer programs using the one or more example, a developer can make new software updates avail- 
retrieved software resources. able via a public network disk drive on their LAN using a 

An updater component according to the invention pref- 65 known filename or via a published Uniform Resource Loca- 

erably controls upgrading of, and fixing of bugs within, an tor (URL) which can be searched for using known key 

associated software product or products automatically with- words. 
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Updater components are preferably an integral part of the DETAILED DESCRIPTION OF PREFERRED 

products they will serve to update. Hence, the updater EMBODIMENTS 

component is distributed to software users together with an As shown in FIG. 1, an updater component 20 is installed 

initial version of a software product, the updater component in system memory of a conventional network-connected 

then automatically obtaining and applying software updates 5 computer system 10, together with an associated computer 

in accordance with preset criteria (such as a time period program 30. The updater component may have been deliv- 

between successive searches for updates, and whether the ered to the user of the local computer system on a storage 

particular user has selected to receive all updates or only medium (diskette or CD) for him to install, or it may have 

certain updates-^such as to receive updating patches but not been explicitly downloaded from another computer system, 

replacement product versions for example). 10 In preferred embodiments of the invention, updater compo- 

The updater component's update capability preferably nents arc integrated within the computer program they are 

includes, updating itself. Indeed, the update criteria may be ^tended t0 maintain (or are otherwise delivered via the 

set such that the updater component always accesses appro- same mechanism and at the same toe as their associated 

priate network locations to obtain updates to itself before it fP 1 ^ updater component is then installed as pari of 

y ' c «. r * j • i j . _ the installation procedure of its associated program, such 

searches for software resources for updating its associated 15 . * . , , r . % ' 

f , r o t j iat l j ie user jg not re q Uire d to take any special action to 

sortwarepro uc . «. . obtain or activate it. The installation of each updater com- 

An updater component according to the invention pref- t . , , , . . . f . .. , - 

erably Lludes means for checking whether pre-requisite P°<™< the ?P d f r «™P°<™t ****** «f 

products are available, and are synchronised to the required ™ * the oP^trng system (more generally, update* renter 

version, aspart of the process of selecting an updatepath for 20 W1 * V??, 7* ' Z , ^ T ^ f^f' 

♦u . ~A»~ t Z n «w^-™^; m »«t ,„*n such that at least the updater components on the local system 

the current product. In i a preferred embodiment as well as identifiable and contactable by address information, 

checking their availability, the updater component is capable ™* S^^. idM ^ f ^ the register eDtry . 

of mstrucung the updater components associated with pre- ^ • ^ « V \ ' . - 4 . / 

requisite software products to initiate updates to their soft- . 11 » a ° f the preferred embodiment of die mven- 

ware where this is the agreed update policy. If each software 25 that each updater component can locate, can be located 

product's updater component is capable of triggering «W can communicate with other updater components 

updates to pre-requisite products, then updates can ripple which ma ™g* oth f software products. This capability is 

through the set of installed software products without the ™* when one u P dater component requires another one to 

user having to be involved in or aware of the updates. This *P dale l ° a ^ before the former can execute its 

capability is a significant advantage Over prior art updater 30 own u P dal6 > will be discussed below. This is enabled by 

agents which do not deal with the problem of unsynchro- thfi u P dater components registering within the operating 

nised software versions when one updates, and supports the s y stem or other repository 40. 

increasing trend within the software industry for collabora- m me preferred embodiment, each registration entry con- 

tion between distributed objects to perform tasks for the end tains two items: the updater path and the updater network 

~ 35 address. The path is the location of the updater component 

The updater component preferably also includes a mecha- binary file so that the updater component can be launched by 

nism for verifying the authenticity of downloaded software, the operating system during the boot up process. This 

using cryptographic algorithms. Tliis avoids the need for ensures that the updater component is always active and 

dedicated, password-protected or otherwise protected soft- ready to perform work or handle requests issued to it from 

ware resource repository sites. The software resources can 40 other updater components. The network address is the 

be anywhere on the network as long as they are correctly address used by components on other computer systems in 

named and or posted to the network search engines. the network to locate it on the network and to commumcate 

Thus, the present invention provides an agent and a with it. 

method for obtaining and applying software updates which An example of such registration using a UNIX (TM) 

significantly reduces the cost and effort for software dis- 45 operating system and the TCP/IP protocol suite uses the 

tributors of distributing and tracking software updates and following naming convention for updater components: 

significantly reduces the effort for system administrators and Software VendorName+_product_name+_updater. 

end users of applying updates to installed software. Path registrations can be entered in the UNIX/etc/inittab 

file to store the path entry. When, for example, the updater 

BRIEF DESCRIPTION OF DRAWINGS 50 component for IBM Corporation's DB2 (TM) database 

The present invention will now be described in more product is installed it willadd anentry to the /etc/inittab file 

detail, by way of example only, with reference to the ?* "J??™' . . _ . . ,. Mu „ - # 

accompanying drawings in which: JmJbBp^^ 

FIG. 1 is a schematic representation of a computer net- 55 ^ toe ^ comp uter system reboots it will read this 

work including a local computer system having an installed me and laUflch tfae DB2 updater component . The "respawn" 

updater component, server computers storing lists of avail- keyword in the updater 6ntry ensures that, should the updater 

able updates and storing software resources for applying component process m for ^me rBason during general 

updates, and a search engine for locating the servers; system operation> it ^ be rest arted by the operating system 

FIG. 2 is an example of a software vendor's list of their 60 automatically. This approach will ensure that all updater 

software versions and the resources and prerequisites for components for all installed applications are always active, 

building from one version to another; Network Location registrations can be entered in the 

FIG. 3 represents the sequence of operations of an updater UNIX/etc/services file. For example when the DB2 updater 

component according to an embodiment of the invention; component is installed it will add an entry to the /etc/services 

and 65 file of the form: 

FIG. 4 is a further representation of the sequence of ibm__db2pe_updater 5000/tcp#net location of DB2 updater 

operations of an updater component. component 
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When another updater component wishes to communicate from a software product release to a new level will be 

with the DB2 updater component it will find it by searching referred to hereafter as a 'growth' path). The entries in the 

this file for the DB2 updater component name ibm_db2pe_ software updates list 60 include for each software product 

updater (actually done indirectly by the UNIX call version 110 an identification 120 of the software resources 

getservbynameO— the name is built by the caller according 5 required for applying the update and an identification 130 of 

to the standard naming convention). When it is found it its prerequisite software products and their version numbers, 

knows that the DB2 updater is listening for connections on j n caseSj t jj e re quired resources are complete replace- 

port number 5000 and will use the TCP protocol. This allows menl vers i ons 0 f software and associated installation 

the updater component in question to establish a link to the instructions. In other cases, the resources comprise patch 

DB2 updater component and start a conversation (described 10 code for modifying an existing program (e.g. for error 

l a * er )' correction) and the patch's installation instructions. 

For an updater component to find and talk to another For me current example, we will assume that the network 

updater component on another remote machine the above 100 is the Internet, although the invention may be imple- 

information would have to be augmented by having a men t e d within any computer network. Also shown within 

repository 40' which is accessible from both machines 35 me network 100 is a server system 80 on which a search 

(preferably a central or distributed database accessible from engine 90 is installed for use in finding update source 

anywhere in the network, such as a Web Page or pan- locations on the network. This is shown located remotely 

network file) and is available to aU updater components that &om the local system 10j although it need not be. In the 

require it. Entries would be of the form updaterjame Figure, each updater component 20 is shown associated with 

machine_ip_address (OR DNS entry), port number, pro- 20 a smgle p r0 gram 30, and it is a feature of this embodiment 

toc °l- of the invention that all installed software products have 

For example, the manufacturing department of an organi- associated updater components which manage them, but 

sation may have three computer systems on which distrib- neither of these features is essential to the invention as will 

uted software products collaborate with each other, the De explained later. 

systems being called a, b and c. Typical entries in the Web 25 ^ operation of an updater component will now be 

page or file manufacturing_coUaborators.html might be: described, with reference to FIGS. 3 and 4. When an 

ibm_catia_updater a. manufacturing.com 5000 tcp installed updater component executes, its first action is to 

ibm_db2pe_updater b.manufactunng.com 5100 tcp initiate 200 a search for available updates to the particular 

ibm_cics__updater cmanufacturing.com 4780 tcp software product, providing to one or more search engines 

An updater component can then connect and talk to any 30 90 ^ searc h arguments the product identifier and product 

other updater component using the DNS name to create an version release number obtained at install time. Assuming 

IP address and the port number which the remote updater that software vendors provide via their Web sites a list 60 of 

component is listening to at that address. available product updates referenced by product identifier 

The steps of updater registration at installation are there- and re i ea se number 110 (or some other consistent naming 

f° re: 35 convention is used), the search should identify the relevant 

1) Create entry in /etc/inittab file (register updater process Web site 140 on which update information is available. If the 
code location) initial attempt to start a search engine is unsuccessful, then 

2) Create entry in /etc/services file (register updater the updater component will attempt to start a different search 
process local address) engine (which may be in a different geographical location to 

3) Create entry in central database file (register updater 40 the first), but could alternatively wait for a preset time period 
process pan-network address). and then retry. A URL identifying the relevant Web site 140 

The installation process may also involve providing to the for update information is returned 210 to the updater com- 

updater component the local EP address of a Web proxy ponent as a result of the search. 

server. It will be clear to persons skilled in the art that many The updater component uses the URL to access 220 the 

alternative registration implementations are possible. 45 list 60 and downloads 230 a file 160 comprising the portion 

Updater components include data fields for an identifier of the list 60 of available updates which relates to the 

and version number for their associated software products. particular product. The updater component then performs 

The updater components may be delivered to customers with steps 240-280 as shown in FIG. 4. Each file 160 contains 

these fields set to null values, and then the installation message digests (e.g. MD5) which are digitally signed. The 

procedure includes an initial step of the updater component 50 retrieved file 160 is then analyzed 240 using a digital 

interrogating its software product to obtain an identifier and signature checking algorithm (such as the algorithm 

current program version and release number. Alternatively, described in U.S. Pat. No. 5,231,668). This is important to 

the software vendor may pre-code the relevant product ID verify that the file 160 represents the correct software 

and version number into the updater component. updates list for the particular software product, and that the 

The system 10 of FIG. 1 is shown connected within a 55 file has not been tampered with since signing. Also, check- 
network 100 of computers including a number of remote ing for the digital signature is a useful way of filtering the 
server systems (50,50') from which software resources are results of the search since these may include a plurality of 
available for applying updates to programs installed on the Web page URLs other than the correct one (the search may 
local system 10. Each server system includes within storage find other pages which have a reference to the named 
a list 60 of the latest versions of, and patches for, software 60 product version, including pages not published by the soft- 
products which are available from that server. Each vendor ware vendor). If an attempt to download and verify a file is 
is assumed here to make available via their Web sites such not successful, then the updater component moves on to the 
a list 60 of software updates (an example of which is shown next URL found in the search. 

in FIG. 2) comprising their product release history, in a The updater component then performs on the local corn- 
format which is readable by updater components, and to 65 puter system a comparison 250 between the current installed 
make available the software resources 70 required to build software product's identifier and release number and the 
the releases from a given level to a new level (this transition listed available updates in the retrieved file 160. This com- 
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parison determines possible growth paths from the current to As shown in FIGS. 3 and 4, if required software resources 

updated versions, but these possible growth paths are then for building the updated version are not found on the local 

compared 260 with predefined update criteria, and any system, the updater component submits 320 a further request 

possible paths which do not satisfy the update criteria are to one or more search engines to find the required resources, 

discarded. Thus, the updater component determines whether 5 The search engine returns 330 one or more URLs aod the 

it is possible to migrate from a current software product to updater component uses these to retrieve 340,350 the soft- 

the available new versions and whether it is possible to apply ™re resources into storage of the local computer system. At 

patches to the current version under the currently agreed the updater component or the user need not have 

f. t i j%- any knowledge of what corrections or enhancements may be 

licence terms and conditions. included in the new version-the update criteria determine 

For example, the software product licence may enable 10 whatt y p6ofupda t esare required such that the user is spared 

migration to any future version of the product and applica- ^ ^ 0 f studying (he conte nt of every update. In 

tion of any available patches, or only migration up to a practicej it is desirable for users to be able to determine the 

specified version, or it may only permit applying of available effects of up d ates and so the software resources for the 

patches which modify or correct errors in the current ver- update include a description of these effects which a user or 

sion. Possible update paths which are unavailable due to 15 administrator can read. 

current license limitations are notified 270 as a system examples, the software product to be updated may be 

generated message sent to the software asset manager (who a word processor application program. If the word processor 

may be an end user or IT procurement manager) of the as sold missed certain fonts or did not include a thesaurus, 

currently installed version, to enable them to make decisions patches may subsequently be made available for adding 

about whether the current licence is adequate, 20 these features. The updater component has the capability to 

As well as licence restrictions as to the updates that are add these to the word processor, subject to the update 

possible, an updater component's update criteria or growth criteria. 

policy includes a cycle period (for example weekly or In alternative embodiments of the invention, the search 

monthly) and criteria for determining which of a plurality of for required software resources is unnecessary following the 

possible growth paths to select (such as always select latest 25 initial search for the updates list (or is only necessary where 

version permitted by licence, or always select latest patch there are pre-requisite software products as well as patches 

and only notify availability of new versions, or only select or new versions for the current product — see below). This is 

new versions if prerequisite software is already available on because the update software resources required directly by 

local system). The growth criteria may also include control the current product are stored in association with the list of 

information such as when to upgrade to new versions that 30 required resources. That is, the list includes a pointer to the 

are downloaded by the updater component — if data migra- network location of the required resources such that a 

tion is required when migrating to a new software product selection of a growth path from the list involves a selection 

version it may be essential for this to be done outside of of a pointer to the network location of the required updates 

office hours or only at a single scheduled time each month (and possibly also pointers to the locations of pre-requisite 

or each year and this can be controlled by the updater 35 software products). 

component. A second verification by digital signature checking is 
The growth policy definition may also include a param- performed 360 (see FIG. 4), this time on the downloaded 
eter determining that updating of pre-requisite software resources. After verifying 360 the legitimacy of the down- 
products should be requested when required to maintain loaded resources, the updater component automatically 
synchronisation with the current product. This will be 40 builds 310 the installation in the target environment in 
described in more detail below. Persons skilled in the art will accordance with the update policy. In practice, this may 
appreciate that there is great flexibility in the criteria that can require information from the user such as an administration 
be set and applied by the updater component. password, or a database usage parameter value, but in the 
The updater component then decides 280 on a particular preferred embodiment of the invention installing of the 
growth path (i.e. which available version to upgrade to) from 45 downloaded code is automatic in the sense that it does not 
the set of possible growth paths using the update criteria. For require the user to know or obtain from elsewhere any 
example, the updater component may select the highest installation information and in that it generally enables the 
possible version or release number of the available updates user to be freed from making any decisions at run time if the 
which is permitted by the update criteria, if that is the update predefined update criteria enable the updater component to 
policy. 50 automatically apply updates. 

The updater component performs 290 (see FIGS. 3 and 4) It is well known to include machine readable installation 

a scan of the operating system file system to check whether instructions encoded in a shell (for example as Script, or an 

the required software resources are already available on the interpretive language such as PERL, or an executable such 

local computer system. The required resources are the as setup.exe in the case of applications on Microsoft's 

software update artifacts required to bring the current appli- 55 Windows (TM) operating system). Updater components 

cation software to the new level, and the software updates according to the invention will download 350 the machine 

required for updating pre-requisite software to required readable instructions together with the relevant software 

levels. Each updater component associated with pre- resources and will automatically execute them 310. The 

requisite installed products is contacted 300 to ensure (a) updater component thus automatically processes installation 

that it is installed, and (b) that it is at or greater than the 60 instructions, avoiding the input from a person which is 

required pre-requisite level. If all required resources are conventionally required. The Scripts can be adapted to reuse 
available locally or on another machine (in the case of information gleaned from the first human installer who 
software relying on some pre-requisite software operating installed the first version of the updater component (for 
on a remote machine), and have been verified, then the example, information such as user name and password of 
updater component progresses to the step 310 (see FIG. 4) 65 application administrator, installation directory, etc), 

of building the updated software version. If not, the update The method of updating according to the preferred 

component must obtain the required resources. embodiment of the invention requires software vendors to 
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organise the software resources required to build from one Possible_Growth_J , aths: 

product level to another. For example, a move from version transient data representing the available upgrade paths 

1.1.1 to 1.1.4 would typically include a series of patches to (e.g. version numbers 3.1.d, 3.2.e, 4.0.a) 

be applied, and the required order of installation if any PRIVATE UPDATER FUNCTIONS: 

would advantageously be encoded in machine processable 5 The updater component logic includes the following 

installation instructions. The user is then spared the effort methods: 

and the risk of human error which are inherent in methods Discover^Possib^GrowthJathsO 

which require the user to control the order of application of Search for Growth__Path information for this software 

fixes and enhancements. The problem of bow to migrate product on the Internet (or Intranet or other network). This 

from one product level to another is thus dealt with by the 3Q search metn0f j urates a search via a standard search engine 

software vendor instead of the customer, and updater com- server ^ ^0^^ re turned is a list of newer versions 

ponents can only move to levels supported by the vendor afld associated p re . requis ite product information. 

(i.e. those growth paths published by the software vendor for Jhe Growth _p ath informau on is then reduced in accor- 

a specific existing product level). dance with the Growth policy parameters. For aU members 

The updater generates 380 a report and wntes 390 to log ™ ™ tD PaL hst, a chLk is performed of whether 

records, and then quits execution 400 (in the preferred 15 ^ luc u,uv,lu — ™ lua " ai > a v " u "" 

embodiment the updater goes into a sleep or idle state) until appropriate versions of pre-requisite products are available 

activated again 410 upon expiry of a predetermined update °"> the local and/or remote computer. The updater compo- 

c y cleperiod(therepeatperiodparameterisconnguredwhen nents . pre-requisite products are accessed 

the updater component is installed). and forced to grow if this is he policy. 

Structure of Updater Component ™ , If , Prerequisite products cxisX locally at the correct 

The structure of an updater component comprises data, k ]f> ° r „f e available remotely on the network and there is 

methods for operating on that data, and a public application with a " f ° rc u 6 &™ lh V^fh «™ J*mhfl« for newer 

programming interface (API) which allows other updater ™ ns ° f the P roduct ^ added to ** 

components to contact and communicate with it. This struc- Growth —Paths ust. 

tare will now be described in detail. * pec,de_Growth_Path() 

UPDATER COMPONENT DATA' Interpret the growth policy and select a single growth 

The updater component includes the Mowing persistent path. Some implementations of the invention win involve 

data* user ulteracuon 10 select me path, for example if there are 

ProducLJD: an identifier of the software product which considerations such as whether to force updates to other 

is managed by thfc ; updater component » Chosen_Growtr^ath) 

Current_Installed_.Version: a version identifier for the Given Chosen ^ Growth __ Path ( e . g .3. 2 .0), search for 

installed software (e.g. version 3.1.0) required resources (Parameters Product_ID, CurrenL. 

CurrenLjicense: a version identifier corresponding to l n staUed_Version, Chosen_Growtb_JPath), download all 

the software product version up to which the current 35 resources to local compu t e r. This will include software 

software license allows the user to upgrade (e.g. ver- required for the new version plus machine processable 

sion 4.0.z). Alternatively, this may be a licence identi- installation instructions. 

fier (e.g. LIC1) for use when accessing machine read- I DS tall_Jlesources() 

able licence terms. Process installation instructions including installing 

Installation_Environment: ^ requ ired files i n correct locations, possibly compilation of 

a list of attribute name/attribute value pairs. the files and modifying the configuration of the existing 

This is used by the updater component to store values system to accommodate the software, logging all actions to 

entered by the user when the updater was used for the first a gj e ( anc j enabling an "uninstalT method to undo all 

time. For example, the updater installation userid and actions). 

password, possibly the root password, the installation 45 GrowO 

directory, the web-proxy server address, search engine " Initiates methods: 

URLS, log file name, software asset manager e-mail address Discover Jossible_.Growtb_ PathsO 

etc. This data will be re-used when subsequent automatic tf no possible g 0vnh paths ex is t then updater component 

updates are required. becomes idle else 

Growth policy parameters: 50 Decide_Growth_Path() 

a. Growth__Cycle: data determining whether the updater Get_Resources(Parameter: Chosen_Growtb_Path) 
component should attempt to update its software prod- Install_Jtesources(). 

uct every day, week or month, etc. x nerj Growo writes all completed actions to log and 

b. Growtb_1Vpe: data determining whether the updating finishes execution of the updater component. The updater 
is limited to bug fixing and enhancements (i.e. patches) 55 component becomes idle either until time to check again for 
only or requires upgrading to the latest release in each ne w update requirements or until prompted by another 
growth cycle. updater component to do so. 

c. Force_Growth: (YES/NO) a parameter determining PUBLIC UPDATER COMPONENT API: 

whether to force other software resources to upgrade if The updater component includes the following public 

that is a pre-requisite for this software to upgrade, go API. These functions would be callable using existing 
(Some implementations will provide more flexible con- network communications software, such as remote proce- 
trols over forcing other software to update than this dure calls, message oriented middleware, ORB (Object 

simple YES/No) request broker), etc. 

Last_Growth__Time: Date and time when updater com- GeLJteleaseQ 

ponent last executed 65 This function is called by other updater components and 

The updater component also includes the following non returns the release level of the product managed by this 

persistent data: updater component. 



US 6,199,204 Bl 

13 14 

Update(new_Jevel) can talk to another updater component anywhere on a 

Other updater component call this function to move the network. In this example the component updater registration 

product managed by this updater component to a new level database 40 is a directory or folder available over the 

indicated by the new_level parameter value. This will call network (e.g. via NFS) which contains for each installed 

the private function Grow(). 5 updater component a file called "updater-component_ 

Receive_Event(event details) name.iop" (iop stands for interoperable object reference). 

When an updater component receives a request to update, Xhis fife cq^^s a sequence of bytes which can be 

it must inform the calling updater component when it has converted into a reference to the updater component by any 

completed the update or otherwise e.g. if it failed for some up d a ter component which reads the file using for example 

reason. The updater component performing the update on 30 ^ CORBA function* 

behalf of another updater component will call this function C ORBA::Object:: [ string_to_object() in C++ 

of the requesting updater component to communicate sue- J — &— -- j v 

cess of the update or otherwise. Event details can be a string Furthermore this reference can be to an updater cpmpo- 

like "product id, new release level, ok" or "product id, new nent anywhere on the network as it represents a unique 

release level, failure". 15 address for the corresponding updater component. When 

The automatic handling of the potential problem of updater component A has manufactured a reference to 

unsynchronised pre-requisite products by enabling forcing updater component B then updater component A can call a 

of updates (or, if forcing of updates is not part of the update Public API function simply by using, for example, a C++ 

policy, sending of notifications to the software asset mapping A-*Get_ReleaseQ which will then return the 

manager) is a significant advance over prior art update 20 value of the release level of the software managed by the A 

schemes. ~ updater component. 

Since the updates list file 160 returned to the updater In this example we will consider two products — IBM 

component in response to an initial search includes an Corporation's DB2 database product and a Query Tool 

identification 130 of pre-requisite software, that information called "Query Builder", on different machines M and N 

enables the aforementioned examination 290 of the updater 25 respectively. (Machines M and N could be the same 

component registration database 40,40' to check whether machine; the present example merely shows that they may 

pre-requisite software is available locally or remotely. If it also be separate). Both products have updater components 

finds all the updater components located locally or remotely, which use a CORBA ORB architecture as briefly outlined 

it can be sure that the software pre-requisites are available above. An ORB communication daemon is active on par- 

and it next needs to contact each updater component for each 30 ticipating systems M and N. 

software product to be sure all pre-requisites are at the Step 1) Registration Phase: 

correct level. If an updater component 20' having a required The DB2 Updater Component starts when the operating 

product identifier for pre-requisite software 30' but not system starts on system M and immediately creates a file 

having the required version number is found locally or called ibm_db2__updater.iop (according to some naming 

remotely, and if forcing of updates is the update policy, then 35 standard used to aid subsequent searches for the file) in the 

the updater component 20 of the first computer program network file system folder or directory. This directory could 

contacts 300 this pre-requisite updater component 20' and be hosted on any machine and not necessarily M or N. The 

requests that it attempt to update its associated pre-requisite file contains a series of bytes which can be used to manu- 

software product 30'. This updater component 20' can, if facture a reference to the updater component, 

necessary, request other updater components of its pre- 40 [pseudocode] 

requisite software to update their versions, and so on. Filehandle»open("/network/filesystem/directory", "ibm_ 

If at some stage no relevant updater component is found db2_updater.iop"); 

locally or remotely, then a message is sent to the asset ReferenceBytes«CORBA::Object::_object„to__stringO; 

manager to inform him/her of the requirement for a new Write(FileHandle, ReferenceBytes); 
product in order to grow the associated product further. If at 45 close(Filehandle); 

some stage during the chain of updater requests to grow to QueryBuilder Updater component starts and writes its 

a new level one updater component fails to move to the registration to the same directory or folder, again in this case 

required level then this failure is reported back to its calling calling the file ibm_querybuilder__updater.iop. 

updater component, prompting failure of that components thfe stage both updater components are active and have 
update operation, and so on back to the updater component 50 registered their presence and location in the network direc- 

which initiated the whole transaction. tory. 

Tiros, as well as their autonomous behaviour defined by g tep 2), 

their update criteria, updater components can react to exter- QueryBuilder attempts to grow from version 1 to version 

nal stimuli such as requests from other updater components. 2 but a prerequisite is DB2 version 2.1 or higher. The 
Example of Update Synchronisation 55 following sequence of actions will occur. QueryBuilder is 

denoted QB and DB2 as DB2. 

An example of the implementation of update synchro*- QB: searches for file ibm_db2_updater.iop (file name 

sation between two products will now be described. This manufactured accordin to standard) i^etwork Rectory. It 

examp e shows how one updater component can commum- y$ ^ m ^ i% afld CQnverts {i tQ a reference . 
cate with another to synchronise pre-requisite software so 60 r , , > 

that all products are present and at compatible release levels. S S ^?°^ A ™_ • , * • . u - am 

A CORBA (Common Object Request Broker * (dbref-CORB 

Architecture) ORB (Object Request Broker) is used for (ibm_db2_updater.iop))) 

location of and communication between two updater com- then SUCCESS we have connected to the updater else 
ponents. Using the above public API it is a simple matter for 65 FAIL: Prerequisite software does not exist in set of 

those familiar with the art of CORBA programming to collaborating systems — send e-mail to software asset 

develop communication code so that one updater component manager to notify situation. 
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Give up on trying to grow to new version, 
endif. 
Step 3), 

At this stage we know that DB2 exists somewhere in our 
set of networked computers. Now we need to know if it is 
at the right level. We simply do this by executing its public 
API function Get_Release() defined above, from within the 
QB updater, the QB updater is therefore a client requesting 
the DB2 updater to do something for it, i.e. tell it what 
release it is. 
[pseudocode] 

db2_release=dbref-^Get_Release(); 

Let us say this returns the value "2.0". 
Step 4) 
Client Side: 

The QB Updater Component knows that this is not 
sufficient , it requires version 2.1. It examines its Force_ 
Growth parameter which is, for example, "YES" meaning it 
should force pre-requisite software to grow to the level 
required before it can perform its own update procedure. 
Therefore the QB updater tells the DB2 updater to grow to 
the new release, and then waits until the pre-requisite has 
grown to the new release or failed in doing so. 
[pseudocode] 

dbref-»Update("2.1", QBref); // QBref is a ready made 25 
reference to the // QB Updater. It is passed to the DB2 
updater so that // it can quickly send the results, success 
or failure, // when the DB2 Updater has finished trying to 
update // itself. 

EVENT=null; 

While (EVENT equals null) 

{do nothing;} 
if (EVENT equals "SUCCESS") 

then attempt to grow software managed by this updater 
component i.e. Query Builder. 

else 

Write failure to log; 
do not attempt to grow; 
go to sleep and try later; 
endif. 

Server Side: 

The DB2 Updater component receives the request to 

grow. Which it attempts to do. 

It reports the result to the calling client (it knows how to 

contact the calling client as it is receives a reference to the 

caller in the function call.) 

[pseudocode] 

DB2 attempts to grow. 

if Growth Successful then 

QBRef->Receive_Event("SUCCESS"); // Note the 
implementation of the // function Receive_Event sim- 
ply sets the variable // called EVENT in the QB 
Updater component to the // value of the parameter 
passed in the API call , i.e. // "SUCCESS" if in this 
section of the IF statement. 

else 

QBREF-*Receive_Bvent("FAILURE"); 
end if 

As noted previously, predefined update criteria may deter- 60 
mine which of an available set of updates should be applied 
and which should be disregarded. The update criteria may 
include an instruction to the updater component to send a 
notification to the end user or system administrator when a 
software update is identified as being available but applying 65 
this update is not within the update policy or is impossible. 
One of the examples given previously is that the update 
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policy may be not to install full replacement versions of 
software products since that may require upgrading of 
pre-requisite software products or migration of data (for 
example if the software product is a database product), 
whereas it may be intended policy to install any error- 
correction patches. Notification rather than automatic instal- 
lation of updates may also be implemented where to upgrade 
one product to a new version would require upgrading of 
other pre-requisite complementary products. 

The update policy can also determine the degree of 
automation of the updating process, by defining the circum- 
stances in which the updater requests input from the user or 
administrator. 

The execution of a particular example updater component 
will now be described in more detail by way of example. 
This updater component's function is to keep an installed 
product called "Test" totally up-to-date with all released 
patches, but not to install replacement versions of Test. 
Firstly, the updater component is configured with 'the fol- 
lowing data instantiations: 

Product_JD: Test 

Current_Installed_JVersion: l.O.a 

Current__License: LI CI 

Installation_Environment:"USERID:TestOwner, 

USERPASSWORD:easy" 

"INSTALLPATH: /usr/bin/testapp/" 

Growth_Cycle: weekly 

Growth_iype: patches, latest, automatically 

Force_J3rowth: no 

Last_J3rowth_Time: Monday Aug. 10, 1997. 

The updater then executes weekly, for example each 
Monday night at 3 am (it is the system administrator who 
decides the timing). 

The following represents a possible execution trace for 
this example updater component. 

Example Execution Trace 
Step 1) The Growth Cycle Starts: 
»» START: Discover_possible_Growth_Paths() 

* Execute search on remote search engine (e.g. Internet 
Search Engine) using Phrase ("IBM Test l.O.a Growth 
Paths") 

Search returns URL published by software vendor out- 
lining current growth paths for product; 

* Download URL: 
File contents are: 

"1.0.b,none; 2.0, other_required producL_product_id 
l.O.c;" 

* Authenticate URL file using hashing algorithm and 
digital signature. 

If not authentic, return to search for another URL match- 
ing criteria 

* Build growth_path_list: growth_path list«"1.0.b, 
none; 

2.0, omer_required_producLjd l.O.c;" 

* Remove all but patch level increases (according to 
Growtb_Policy) from Growth_path list (i.e. only 
those with the first version and second release number 
matching 1.0). 

* growth_path list="1.0.b, none;" 

* For all members in list, ensure prerequisites exist. In this 
example, all members of list meet this criteria trivially. 
Place candidate growth__paths into Possible_Growth_ 
Paths list«1.0.b 
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«« END: Discover_possible_Growth_PathsO * update the values of 

Step 2) Next the updater component decides on the Growth Cunent_JnstaUed_Version=1.0.b 

Path to pursue: Last_Growtb_Time =Date+Time. 

»» START Decide_Growtb_Path() * send an e „ mail tQ software ^ man ager mforrning of 

* The growth policy dictates that we should grow to latest - installation and whether or not a reboot of the Operating 
P atched System 

revision. (In this example determining the latest revision or restart of the application required before to upgrade 

is trivial i.e. it is 1.0.b) takes affect. 

* chosen_growtb_path=1.0.b 10 <<K< END install_ResourcesO 

«« END: Decide_Growth_PathO This is the end of this current growth cycle. The seed 

Step 3) The updater component then obtains the required updates the Last_Growth__Time value the current time and 

resources to revise the current software level to the new one. then exits. The time taken for this cycle could be anything 

»» GeLjResourcesO from a few seconds where the updater component found no 

* Execute search on remote search engine (e.g. Internet 15 upgrade paths for the currently installed version to several 
Search Engine) using Phrase ("IBM Test REVISION hours if a totally new release from the current one is to be 
l.O.a to l.O.b downloaded and installed together with new pre-requisite 

RESOURCES") software. 

ttdt a l lernat ive to the embodiment described above in 

Search returns URL say 2 0 detail does not require an independent updater component 

ftp://ftp.vendor-site/pub/test/resources/1.0.a-b" f or everv different software product, but uses a single 

* Updater downloads file pointed to by URL and places generic updater component installed on a system together 
in secure holding area where it verifies authenticity, with product-specific plug-in objects and instructions which 

* Updater verifies authenticity (using, for example, digital are downloaded with each product. These objects interop- 
signatures based on RSA algorithm, or any method) 25 ©rate with the generic code to provide the same functions of 

If files not authentic, then return to search (see Note 1 the product-specific updater components described above. It 

below) ^ e clear to persons skilled in the art that the present 

* Updater unpacks resources into a temporary directory hvent ™ ^Id be implemented within systems in which 
(see Note 2 some but not all application programs and other software 
* , 30 products installed on the system have associated updater 

below). These resources include machine processible componen ts, and that other changes to the above-described 

installation embodiments are possible within the scope of the present 

instructions (for example, instructions written in a script invention. 

language such as a UNIX shell script or MVS REXX) and What is claimed is: 

files 35 1. A computer program product, comprising computer 

(either binary or requiring compilation) which actually program code recorded on a computer readable recording 

contain medium, the computer program code comprising an updater 

the software fix. component for use in updating one or more computer 

<<<L< END* Get ResourcesO programs installed on a computer system connected within 

Notes on above tasks 40 a com P uter network, the updater component including: 

Note 1— To save time the updater looks for a standard file means for initiating access to one or more identifiable 

before downloading the URL called "signature", which locations within the network where one or more 

contains the URL required software update resources are located, to 

fip://ftp.vendor-site/pub/test/resources/1.0,a-b and a list- 45 retrieve *** squired software update resources; 

■ ingpfits contents. This is hashed and signed. Using this means for performing a comparison between software 
signature, the Updater component can quickly establish update resources available from said one or more 
authenticity of the URL (to some extent) before down- identifiable network locations and computer programs 
loading it and use the information i.e. file listings to installed on said computer system, to identify available 
corroborate the final downloaded resources after they 50 relevant update resources, and for comparing the avail- 
have been unpacked into the temporary directory. able relevant update resources with predefined update 
When the final URL is downloaded it is also checked criteria corresponding to applicable software licence 
again for authenticity (to guard against someone plac- terms and conditions; 

ing a bogus artefact in an authentic URL location). means for initiating retrieval of software update resources 

Note 2 — Part of the unpacking is that the updater com- 55 which satisfy said predefined criteria; and 

ponentwill examine the installation scripts and modify them means f or applying a software update to one of the 

based on the contents of its installation environment data installed computer programs using the one or more 

where required. For example if the installation instructions retrieved software resources. 

were coded in a shell script it will replace all instances of 2 . A computer program product according to claim 1, 

INSTALLPATH with the token "/usr/bin/testapp/". Again 60 wnere i n sa j d me ans for applying software updates includes 

Naming conventions of attributes are standardised as it the me ans for installing available relevant software resources in 

method of token substitution in installation instructions. accordance with the predefined update criteria and in accor- 

This makes totally automatic installation possible. dance with computer readable instructions for installation 

Step 4) The updater component then implements the which are part of the software resources downloaded for the 

actual software upgrade: 65 up date. 

»» START InstalLJlesourcesO 3. A computer program product according to claim 1, 

* execute the installation instructions. wherein information for identifying one or more locations is 
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held by said updater component and includes a product 
identifier of a computer program product, the updater com- 
ponent being adapted to provide said product identifier to a 
search engine, the product identifier serving as a search 
parameter for use by said search engine to identify network 
locations. 

4. A computer program product according to claim 3, 
wherein said updater component is adapted to download a 
list of available software update resources and their pre- 
requisite software products in response to said search engine 
identifying network locations at which said list is held, to 
compare the list of available software update resources and 
pre-requisite products with computer programs installed on 
said computer system and, where updates to the pre- 
requisite products are required, to request updates to the 
pre-requisite products. 

5. A computer program product according to claim 1, 
wherein the updater component has machine readable instal- 
lation instructions for installing the updater component on a 
computer system, the installation instructions including 
instructions for registering the updater component with a 
repository which is accessible by other updater components, 
such that the updater component is identifiable and con- 
tactable by other updater components. 

6. A computer program product according to claim 5, 25 
wherein the updater component includes an API via which 
updater components of complementary computer programs 
can request that the current updater component update its 
computer program, the current updater component being 
adapted to call an update method to update its computer 
program in response to an update request, and wherein the 
current updater component is adapted to send a system- 
generated request to updater components of pre-requisite 
computer programs of its computer program when updating 
of its computer program requires updating of said pre- 35 
requisite computer programs. 

7. A computer program product according to claim 12, 
wherein said means for applying updates is adapted to install 
correction and enhancement software which modifies exist- 
ing installed software and also to install upgraded versions 40 
of installed software which replaces installed software. 
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8. A method for automated updating of a computer 
program installed on a computer system connected within a 
computer network, including the following steps: 

delivering to the computer system an updater component 
for use in updating the computer program; 

providing at a first network location downloadable soft- 
ware resources for building said computer program 
from a current version to an updated version; 

wherein the updater component is adapted to perform the 
following steps when executed on the computer sys- 
tem: 

(a) initiating access to said first network location at 
which said software resources are located; 

(b) performing a comparison between software 
resources available from said first network location 
and the installed computer program, to identify 
available relevant update resources, and comparing 
the available relevant update resources with pre- 
defined update criteria corresponding to applicable 
software licence terms and conditions; 

(c) downloading onto said computer system the avail- 
able relevant software update resources which sat- 
isfy the predefined update criteria; 

(d) building said computer program from the current 
version to the updated version using the downloaded 
software resources. 

9. A method according to claim 19, including providing at 
a second network location, identifiable from information in 
the updater component, a computer readable list of available 
updates to said computer program, wherein the updater 
component is adapted to perform the following steps prior to 
accessing said first network location: 

initiate access to said second network location to retrieve 
said list; 

read said list and perform a comparison of the listed 
available updates with said computer program on said 
first computer system, thereby to identify the available 
relevant update resources. 
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Fig. 13 



FIRST INSTRUCTION FORMAT (2) -(a) 



SUB Dm,Dn 
MOV (Am), An 
MOV Am, (An) 



SUBTRACT 

TRANSFER FROM MEMORY TO REGISTER (LOAD) 
TRANSFER FROM REGISTER TO MEMORY (STORE) 



FIRST INSTRUCTION FORMAT (2) -(b) 
MOV(Ai, Dn), Dn : TRANSFER FROM MEMORY TO REGISTER (LOAD) 

INDIRECTLY BY WAY OF INDEXED REGISTER 



FIRST INSTRUCTION FORMAT (2) -(c) 



FIRST INSTRUCTION FORMAT (2) -(d) 
ADD imml6, An : ADD 16-BIT IMMEDIATE VALUE 
ADD imml6, Dn : ADD 16-BIT IMMEDIATE VALUE 



FIRST INSTRUCTION FORMAT (2) -(e) 
RTI : RETURN FROM INTERRUPT STATE 



FIRST INSTRUCTION FORMAT (2) -(f) 
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Fig. 15 



NAME OF 
REGISTER 


BIT ASSIGNMENT 
ON INSTRUCTION 
CODE 


NUMBER OF 
PHYSICAL 
REGISTER 


NAME OF 
PHYSICAL REGISTER 


AO 


00 


00 


ADDRESS REGISTER 


1 Al 


01 


01 


ADDRESS REGISTER 


A2 


02 


02 


ADDRESS REGISTER 


A3 


03 


03 


ADDRESS REGISTER 


DO 


00 


00 


ADDRESS REGISTER 


Dl 


01 


01 


ADDRESS REGISTER 


D2 


l_ 02 


02 


ADDRESS REGISTER 


D3 


03 


03 


ADDRESS REGISTER 
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Fig. 17 



SECOND INSTRUCTION FORMAT (a) 



ADD Rm,Rn 
SUB Rm, Rn 
CMP Rm, Rn 
MOV(Rm),Rn 
MOV Rm, (Rn) 
MOV Rm, Rn 



ADD 
SUBTRACT 
COMPARE 

TRANSFER FROM MEMORY TO REGISTER (LOAD) 
TRANSFER FROM REGISTER TO MEMORY (STORE) 
TRANSFER FROM REGISTER TO REGISTER 



SECOND INSTRUCTION FORMAT (b) 
ADD Rm, Rn, Rd : ADD 
SUB Rm, Rn, Rd : SUBTRACT 

MOV(Ri, Rm), Rn : TRANSFER FROM MEMORY TO REGISTER (LOAD) 
INDIRECTLY BY WAY OF INDEXED REGISTER 



SECOND INSTRUCTION FORMAT (c) 



SECOND INSTRUCTION FORMAT (d) 
ADD imm 16, Rn : ADD 16-BIT IMMEDIATE VALUE 
ADD imm 16, Rn : ADD 16-BIT IMMEDIATE VALUE 
MOV(disp8,SP),Rn : TRANSFER FROM MEMORY TO REGISTER (LOAD) 

BY ADDRESSING USING STACK POINTER (SP) WITH DISPLACEMENT 
MOV Rm, (disp8, SP) : TRANSFER FROM REGISTER TO MEMORY (STORE) 

BY ADDRESSING USING STACK POINTER (SP) WITH DISPLACEMENT 
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Fig. 18 



1 



120 



: ao 


E0 


SP 


i Al 


El 




A2 


E2 


PSW 


A3 


E3 


PC 


DO 


E4 




: Dl 


E5 


-—121 


! D2 


E6 


D3 


E7 



•122 
123 
•124 



Fig. 19 



NAME OF 
REGISTER 


BIT ASSIGNMENT 
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GENERAL-PURPOSE REGISTER 


Al 


01 
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GENERAL-PURPOSE REGISTER 
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10 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 


DO 
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1100 


GENERAL-PURPOSE REGISTER 1 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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ON INSTRUCTION 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 


Dl 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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0001 


GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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GENERAL-PURPOSE REGISTER 
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COMPILER length. And two operands can be specified in accordance 

with this format. 

BACKGROUND OF THE INVENTION In another exemplary first instruction format (l)-(b), the 

first instruction field includes two 2-bit register-addressing 

The present invention relates to a compiler for translating 5 fields> and m additional information field is further pro- 

a source program written in a high-level programming vided. Thus, the instruction length in accordance with this 

language into an object program written in a machine format is 2 bytes or more in total. 

language. I n s tiU another exemplary first instruction format (l)-(c), 
In recent years, programmers have been trying very hard the first instruction field includes one 2-bit register- 
to improve the efficiency in developing a program by writing 10 addressing field and is composed of 1 byte, which is the 
a program in a high-level programming language like C. The minimum instruction length, And one operand can be speci- 
use of a high-level programming language enables a pro- fled in accordance with this format, 
grammer to arbitrarily define a desired number of steps of i n ve t another exemplary first instruction format (l)-(d), 
holding, computing or transferring numerical values in a the first instruction field includes one 2-bit register- 
program using variables. That is to say, a programmer can ^ addressing field, and an additional information field is 
freely write a program. During this process, a program further provided. Thus, the instruction length in accordance 
written in such a high-level programming language (i.e., with this format is 2 bytes or more in total, 
source program, which is also often called a "source code In yel another exemplary first instruction format (l)-(e), 
file") should be compiled, or translated, by a compiler into tne first instruction field includes no register-addressing 
an object program written in a computer-executable machine 2 o fields and is composed of 1 byte, which is the minimum 
language (which is often called an "object code file"). The instruction length. Accordingly, in accordance with this 
steps in the machine-executable object program are repre- format, no operands can be specified using addresses, 
sented by machine instructions, which require registers or In t another exempl ary first instruction format (l)-(f), 
memories as operands. Accordingly, variables should be tfae firgt instructicm neld includes no register-addressing 
allocated to these registers or memories. Such allocation 25 fields but an addiuonal information field is further provided, 
processing is called "resource allocation". If optimum Tfaus (he ^^011 length in accordance with this format 
resource allocation has been performed successfully, then fe 2 b tefi 0f more ^ total 

the code size of the object program can be minimized. mG n iUustrates parl of a Hst of specific for 

In general, allocating respective variables to registers respective types of bit assignment shown in FIG. 10. In FIG. 

turns out to be more advantageous in terms of code size and 30 ^ instruction mnemonics are shown on the left and the 

execution time rather than allocating them to memories. operations performed to execute these instructions are 

However, generally speaking, the number of available reg- shown on the right. 

isters is relatively small. Thus, the degree of optimization FIG n a bit assignment for a first instruction 

achievable in the resource allocation solely depends on how formal (2 x ^ whicn a fil5t instruct i on fie i d composed of 1 

efficiently variables can be allocated to register resources to 35 byte> the minimum instruction length, consists of an 

execute a machine instruction using the registers as oper- instruction-length-specifying field and a second instruction 

ands. In accordance with a conventional technique of opti- field consists 0 f an operation-specifying field and an arbi- 

mizing resources allocation, a plurality of variables, alio- tmy number 0 f register-addressing fields. Specific examples 

cable to the same register, are identified based on the of ^ format ^ be desc ribed in detail below, 

respective ranges where the stored values of these variables 40 ^ aQ j first formal ^.(a), the second 

are alive (in this specification, such a range wul be ca led jxMkm field ^ 2 „ bit reg ister-addressing fields 

"variable life range"). Based on the results of this and the first aild second instruction fields are composed of 2 

identification, the variables are allocated to the resources. bytes. And two operands can be specified in accordance with 

Hie present inventors proposed a data processor using the f orm at. 
following two types of instruction formats and register 45 fa exemplary first ^^0^ format ( 2 ).(b), the 
models for the execution of instructions in Japanese Patent second instrU ction field includes two 2-bit register- 
Application No. 10-59680. addressing fields, and an additional information field is 
FIGS. 10 through 20 outline the first instruction format. further provided. Thus, the instruction length in accordance 
In the first instruction format, a variable-length instruction 50 with this format is 3 bytes or more in total, 
with a minimum instruction length of 1 byte is described. A In still another exemplary first instruction format (2)-(c), 
2-bit field is used as a register-addressing field. Accordingly, the second instruction field includes one 2-bit register- 
four registers can be specified with one register-addressing addressing field and the first and second instruction fields are 
field. In this architecture, four address registers and four data composed of 2 bytes. And one operand can be specified in 
registers are defined. By separately using the address reg- 55 accordance with this format. 

isters or the data registers responsive to a specific . In yet another exemplary first instruction format (2)-(d), 

instruction, eight registers can be used in total in executing the second instruction field includes one 2-bit register- 

an instruction. addressing field, and an additional information field is 

FIG. 10 illustrates a bit assignment for the first instruction further provided. Thus, the instruction length in accordance 
format (1) in which a first instruction field composed of 1 60 with this format is 3 bytes or more in total, 
byte, equal to the minimum instruction length, consists of an In yet another exemplary first instruction format (2)-(e), 
operation-specifying field and an arbitrary number of the second instruction field includes no register-addressing 
register-addressing fields. Specific examples of this format fields and the first and second instruction fields are corn- 
will be described below. posed of 2 bytes. Accordingly, in accordance with this 

In an exemplary first instruction format (l)-(a), the first 65 format, no operands can be specified using addresses, 

instruction field includes two 2-bit register-addressing fields In yet another exemplary first instruction format (2)-(f), 

and is composed of 1 byte, which is the minimum instruction the second instruction field includes no register-addressing 
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fields but an additional information field is further provided. In still another exemplary second instruction format (c), 
Thus, the instruction length in accordance with this format the third instruction field includes one 4-bit register- 
is 3 bytes or more in total. addressing field and the first through third instruction fields 

FIG. 13 illustrates part of a list of specific instructions for are composed of 3 bytes in total. And one operand can be 
respective types of bit assignment shown in FIG. 12. In FIG. 5 specified in accordance with this format. 
13, instruction mnemonics are shown on the left and the In yet another exemplary second instruction format (d), 
operations performed to execute these instructions are the ^ird instruction fie i d includes one 4-bit register- 
shown on the right. addressing field, and an additional information field is 

Accordingly, in accordance with the first mstruction for- ided ^ the inaisadtion length in accordance 

mat shown in FIGS 10 through 13, the mstruction length of 30 ^ ^ format fa 4 b Qr mQre ^ * 

the first mstruction field is used as a basic instruction length _ j * j . . * 

to specify a variable-length instruction. And an instruction 1 ? us ' m accordance with the second mstruction format 

can be described in this format to have a length N times as the instruction length of the first mstruction field is also used 

large as the basic instruction length and equal to or less than as a basic instruction length. And an instruction can be 

the maximum instruction length, which is M times as large described in this format to have a variable length N times as 

as the basic instruction length (where N and M are both 35 lar S e as tne basic instruction length and equal to or less than 

positive integers and l^N^M). Since the minimum instruc- the maximum instruction length, which is M times as large 

tion length is 1 byte, this instruction format is suitable for as the basic instruction length (where N and M are both 

downsizing a program. positive integers and l^N^M). 

FIG. 14 illustrates a first register file 220 included in the FIG. 17 illustrates part of a list of specific instructions for 

data processor proposed by the present inventors. The first 20 respective types of bit assignment shown in FIG. 16. In FIG. 

register file 220 includes: four address registers AO through 17, instruction mnemonics are shown on the left and the 

A3; four data registers DO through D3; a stack pointer (SP) operations performed to execute these instructions are 

223; a processor status word (PSW) 224 for holding internal shown on the right. The mnemonic Rm, Rn or Ri indicates 

status information and control information; and a program the address of a specified register. In this case, a second 

counter (PC) 225. 25 register file shown in FIG. 18 is defined and any of sixteen 

FIG. 15 is a table illustrating accessing the address and general-purpose registers, namely, four address registers AO 

data registers AO through A3 and DO through D3 included in through A3, four data registers DO through D3 and eight 

the first register file 220 in greater detail. Specifically, this is extended registers E0 through E7, may be specified. The 

a table of correspondence among name of a register speci- second register file 120 further includes: a stack pointer (SP) 

fled by an instruction, bit assignment on an instruction code 122; a processor status word (PSW) 123 for holding internal 

specified in a register-addressing field, and number and status information and control information; and a program 

name of a physical register to be accessed. counter (PC) 124. 

In the first instruction format, the set of instruction FIG. 19 is a table of correspondence among name of a 

addressing fields specified by respective instructions to 35 register specified during the execution of an instruction 

access the four address registers AO through A3 is the same defined in the first instruction format, bit assignment on an 

as the set of instruction addressing fields specified by instruction code specified in a register-addressing field, and 

respective instructions to access the four data registers DO number and name of a physical register to be accessed. In 

through D3 as shown in FIG. 15. That is to say, the same accordance with the first instruction format, each register- 

2-bit instruction addressing field is used to address a desired 4Q addressing field is composed of only 2 bits. However, in this 

register, and it is determined by the operation of the instruc- case, there are sixteen general-purpose registers, each of 

tion itself whether an address register or a data register which should be accessed using a 4-bit address, 

should be accessed. Accordingly, address conversion should be performed. For 

Next, respective bit assignments for a second instruction example, in accessing an address register AO and a data 

format, which is added as an extension to the first instruction 45 register Dl, "1000" and "1101" should be produced as 

format shown in FIGS. 10 and 12, i.e., the basic instruction respective physical register numbers and then output to a file 

format of this architecture, will be described with reference 121 of general-purpose registers. 

to FIG. 16. FIG. 20 is a table of correspondence among name of a 

In each of the bit assignments shown in FIG. 16 for the register specified during the execution of an instruction 

second mstruction format, a first instruction field, composed 50 defined in the second instruction format, bit assignment on 

of 1 byte, which is the minimum instruction length, consists an instruction code specified in a register-addressing field, 

of an instraction-length-specifying field. And second and and number and name of a physical register to be accessed, 

third instruction fields consist of an operation-specifying In accordance with the second instruction format, each 

field and an arbitrary number of register-addressing fields. In register-addressing field is composed of 4 bits, which is used 

accordance with the second instruction format, each 55 as a physical register number as it is. 

register-addressing field is composed of 4 bits. Specific If variables are simply allocated preferentially to registers 

examples of this format will be described in detail below. rather than memories as is done in a conventional compiler, 

In an exemplary second instruction format (a), the third then the data processor proposed by the present inventors in 

instruction field includes two 4-bit register-addressing fields Japanese Laid-Open Publication No. 10-59680 poses the 
and the first through third instruction fields are composed of 60 following problems: 

3 bytes in total. And two operands can be specified in 1) A total length of instructions differs depending on 

accordance with this format. whether variables, allocated to the first register file 

In another exemplary second instruction format (b), the (including register resources), are processed in the first 

third instruction field also includes two 4-bit register- instruction format or variables, allocated to the second 

addressing fields, and an additional information field is 65 register file, are processed in the second instruction 

further provided. Thus, the instruction length in accordance format." Accordingly, if these two types of variables are 

with this format is 4 bytes or more in total. processed equally without prioritizing their allocation 
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at all, then the resulting code size of instructions cannot In still another embodiment, some of the variables for the 

be minimized. That is to say, in a conventional source program, which are referred to relatively frequently, 

compiler, it has not been taken into any consideration and other variables used along with the former variables are 

whether the variables should be preferentially allocated preferentially allocated to the first type of register resources, 

to the first or second register file. For example, if the 5 A system according to the present invention is adapted to 

variables are sequentially allocated to the second reg- minimize the code size of an object program executable on 

ister file and processed in accordance with the second a computer. The object program has been translated from a 

instruction format, then the resulting code size becomes source program using a compiler and the source program 

longer. This is because the length of one instruction ^-eludes a plurality of instructions. The compiler includes: 

defined by the second instruction format is longer than 10 fi^t ^strucUon length calculating means for calculating a 

that defined by the first instruction format; total hn ^ of *° ™J? cto 5 s Y*™ T ?? for the S0Ur( ? e 

UW1 " 4 ' U program are allocated to a first type of register resources in 

2) In executing a set of instructions including a data accordance ^ a fet instruction format; and second 

transfer instruction from a memory to a register, the instruction length calculating means for calculating a total 

number of instructions where variables are processed in x th of the ms tnictions WD ere the variables are allocated to 

the first instruction format is larger than the number 15 & second Qf ^ter resources in accordance ^th a 

where the variables are processed m the second mstruc- second format< ^ length of onQ instruction 

tion format. But the total length of instructions in the defined by the second iaBtauti ^ n format fe different fr 0m 

first mstruction format may be shorter than that in the that defifled b the firsl inaction format , The variables are 

second instruction format. Accordingly, even if van- ^ ocr{q6 to respec tively appropriate ones of the register 

ables are simply allocated preferentially to register 20 res0 urces based on the results of calculation derived by the 

resources rather than memories, the code size cannot be firgt and second i nstruct i on leng th calculating means, 

minimized. ^ computer-readable storage medium according to the 

SUMMARY OF THE INVENTION present invention has stored thereon an object program that 

7 ~ has been translated using a compiler from a source program 

An object of the present invention is providing a compiler including a plurality of instructions. The object program 

that can produce an object program with a minimum code includes not only instructions described in a first instruction 

size for a processor of the type using different types of format using a &st type of regis ter resources, but also 

register resources and defining variable instruction lengths instructions described in a second instruction format using a 

in accordance with the instruction formats. ^ second type of reg is ter resources. The length of one instruc- 

In order to achieve this object, the compiler of the present tion defined by the second instruction format is different 

invention produces an object program by allocating from that defined by the first instruction format. Each said 

variables, which are referred to frequently, to register instruction is identified as being in the first or second 

resources accessible in an instruction format with the shorter instruction format by a value in a particular field in the 

instruction length and by processing these variables in that ^ instruction. 

instruction format. According to the present invention, a processor, using 

Specifically, a compiler according to the present invention different types of register resources and defining variable 

is adapted to translate a source program, including a plural- instruction lengths in accordance with the types of instruc- 

ity of instructions, into an object program. The compiler tion formats, is supposed to be used. The inventive compiler 

includes: first instruction length calculating means for cal- 4Q calculates a total length of instructions in both cases where 

culating a total length of the instructions where variables for respective variables are allocated to a first type of register 

the source program are allocated to a first type of register resources with the first instruction format and where the 

resources in accordance with a first instruction format; and variables are allocated to a second type of register resources 

second instruction length calculating means for calculating with the second instruction format. Based on these results of 

a total length of the instructions where the variables are 45 calculation, the variables are preferentially allocated to 

allocated to a second type of register resources in accor- appropriate register resources to make the ultimate total 

dance with a second instruction format. The length of one length of instructions as short as possible. As a result, the 

instruction defined by the second instruction format is compiler can produce an object program with a minimized 

different from that defined by the first instruction format. code size. 

The variables are allocated to respectively appropriate ones nPSPRIPTTON OF THP DRAWINGS 

of the register resources based on the results of calculation 50 BRIEF DESCRIPTION OF THE DRAWINGS 

derived by the first and second instruction length calculating FIG. 1 is a block diagram illustrating a configuration of a 

means, compiler according to an exemplary embodiment of the 

In one embodiment of the present invention, the variables present invention, 

are allocated to respectively appropriate ones of the register 55 FIG. 2 is a block diagram illustrating a configuration of a 

resources to make an ultimate total length of the instructions resource allocator 3 in the compiler shown in FIG. 1. 

as short as possible based on the results of calculation FIG. 3 is a flowchart illustrating the flow of resource 

derived by the first and second instruction length calculating allocation processing performed by the resource allocator in 
means. 

the compiler shown in FIG. 1. 

In another embodiment, some of the variables for the eo FIG. 4 illustrates an exemplary intermediate language 

source program, which are referred to relatively frequently, program. 

are preferentially allocated to the first type of register FIG. 5 illustrates life ranges and frequencies of reference 

resources accessible in the first instruction format. of respective variables in the intermediate language pro- 

In still another embodiment, in manipulating some of the gram, 
variables for the source program, which have been allocated 65 FIG. 6 illustrates an exemplary allocation of variables to 
to the first type of register resources, the manipulation is respective resources and an associated machine instruction 

described preferentially in the first instruction format. program in accordance with a conventional method. 
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FIG, 7 illustrates an exemplary allocation of variables to as a file. The results of these analyses are output as an 

respective resources and an associated machine instruction intermediate language program. 

program according to the present invention. The optimizer 2 optimizes the intermediate language 

FIG. 8 illustrates another exemplary allocation of van- program in order to cut down on the size of an object 

ables to respective resources and an associated machine 5 program 6 ultimately generated and to shorten the execution 

instruction program according to the present invention. time * 

FIG. 9 illustrates still another exemplary allocation of ^ X ^ CQ . dlocator 3 iden f es , ^ of res P ec " 

• ui . uo " ai *f olLLL wwMiniiw^wiu auuu ui Uye vana b les 1D a p r0 g rami allocates various resources, 

variables to respective resources and an associated machine ^ memorieSj t0 these variables ^ 

mstruction program according to the present invention. ^ ^ m raQgeSj and a , so ^ optimum mstruction 

FIG. 10 is a diagram illustrating a first instruction format to an associated operation. 

(1) applicable to the compiler of the present invention run by Based on the results of allocation obtained by the resource 
a data processor. allocator 3, the code generator 4 converts the optimized 

FIG. 11 illustrates part of a list of specific instructions to intermediate language program into a set of machine instruc- 

be executed by the data processor in accordance with the 15 ^ons compatible with a target machine and outputs the 

first instruction format (1). instruction set as the object program 6. 

FIG. 12 is a diagram illustrating a first instruction format , lx s ^ d be ° oted tha [ ^ syntax analyzer 1, the optimizer 

(2) executed by the data processor. ? and th * code S enerator * ™ aU implemented as well- 
w *aswui*u uy u<uo piu ^ui. ^ known software programs that run on a computer system, 

FIG. 13 illustrates part of a list of specific instructions to and the detailed description thereof will be omitted herein, 

be executed by the data processor in accordance with the » ^ 2 & configuration ^ 

first mstruction format (2). 3 of the compiler according to this embodiment of the 

FIG. 14 is a block diagram illustrating an arrangement of present invention. As shown in FIG. 2, the resource allocator 

registers in a first register file in the data processor. 3 includes; a life range determiner 31; first, second and third 

FIG. 15 is a table of correspondence illustrating respec- 25 instruction length calculators 32, 33 and 34; a variable-to- 

tive relationships among names, numbers and types of resource allocator 35; and a controller 36. The life range 

registers in the register file and associated bit assignments determiner 31 determines the life range of each variable. The 

where the data processor executes instructions in the first first instruction length calculator 32 calculates the total 

instruction format. length of a set of instructions that have been used to allocate 

FIG. 16 is a diagram illustrating a second instruction 30 the variables to respective registers in accordance with the 

format executed by the data processor. first instruction format, in which only part of the registers are 

FIG. 17 illustrates part of a list of specific instructions to available - ^ » cond ^niction length calculator 33 cal- 

be executed by the data processor in accordance with the culate f me ^tal length of a set of instructions that have been 

second instruction format. ™ q6 to aUocate the vanables to respective registers in 

.«*». »* * j. .11 , r « accordance with the second instruction format, in which all 

FIG. 18 !S a block diagram illustratmg an arrangement of 35 r resoiirces m accessible< The third instruction 

registers in a register file in the data processor. length ^ c ^ {qs ^ ^ leDgth Qf a ^ Qf 

FIG. 19 is a table of correspondence illustrating respec- instructions that have been used to allocate the variables to 

live relationships among names, numbers and types of respective memories. Based on the respective results 

registers in the register file and associated bit assignments obtained by the life range determiner 31 and the first, second 

where the data processor executes instructions in the first and third instruction length calculators 32, 33 and 34, the 

instruction format. variable-to-resburce allocator 35 ultimately decides to 

FIG. 20 is a table of correspondence illustrating respec- which resources the variables should be allocated. And the 

tive relationships among names, numbers and types of controller 36 controls the other sections of the resource 

registers in the register file and associated bit assignments allocator 3. 

, where the data processor executes instructions in the second 45 The resource allocation operation of the compiler having 

instruction format. sucn a configuration will be described with reference to the 

DESCRIPTION OF THE PREFERRED accompanying drawings. FIG. 3 is a flowchart illustrating 

EMBODIMENTS w resource allocation processing under the control 

S q of the controller 36 in this embodiment. 

A compiler according to the present invention is adapted exemplary intermediate code program to be subjected 

to produce a set of machine instructions using the data t 0 the resource allocation by the compiler is shown in FIG. 

processor that is compatible with two different types of 4, Intermediate codes si through s8 shown in FIG. 4 are 

instruction formats as disclosed by the present inventors in collectively regarded as a basic block to be subjected to the 

Japanese Patent Application No. 10-59680 identified above. 55 resource allocation. For the sake of simphcity, the resource 

Specifically, the data processor can process a set of machine allocation within the basic block will be exemplified in the 

instructions by using different types of register resourcesand following description. However, a similar statement applies 

defining variable instruction lengths in accordance with the to resource allocation processing on a program of a size 

formats of the specific instructions. larger than that of the basic block. 

Hereinafter, preferred embodiments of the present inven- 60 Also, the register resource allocation is supposed to be 

tion will be described with reference to FIGS. 1 through 5. performed under the following conditions for the illustrative 

FIG. 1 illustrates a configuration of a compiler C included purpose only, 

in a computer system S according to the present invention. l) Among the register resources accessible in- the first 

The compiler C includes a syntax analyzer 1, an optimizer instruction format (i.e., address registers AO through A3 

2, a resource allocator 3 and a code generator 4. 65 and data registers DO through D3), the address registers 

The syntax analyzer 1 performs lexical analysis, syntax AO through A3 are supposed to be used as pointers, not 

analysis and semantic analysis on a source program 5 stored to store data and variables thereon. 
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2) Among the register resources accessible in the first Then, in Step S304, the variable-to-resource allocator 35 
instruction format (i.e., address registers AO through A3 classifies the remaining variables, which have not been 
and data registers DO through D3), the data registers DO successfully allocated to the register resources accessible in 
through D3 are all supposed to be usable for storing and the first instruction formal, into the following two groups, 
manipulating data and variables thereon. However, two 5 Specifically, the first group consists of variables that should 
out of the three data registers, namely, DO and Dl, are t, e allocated to other register resources accessible in only the 
supposed to be used as work registers, not to allocate second i nstr uction format, i.e., extended registers EO 
variables thereto. through E7, and the second group consists of variables to be 

3) Among the register resources accessible in the second allocated to memory resources. The combination of these 
instruction format (j* address registers AO through 1Q variables wMch are aUocated to respective registers and 

^'^n^^ 5 ^^^^ • ? Xte ™l re ^ memories, will be called a "first combination (resource 

ters EO through E7) the extended registers EO through aUocationr ^ the foUowi description . 

E7 are supposed to be freely usable for data or address Furthermore> in step s30 |, if it 4 been determined that 

Itshould be noted that these conditions are defined herein some variables should be allocated to register resources in 

to simplify the discussion, not to limit the scope of the 15 accordance with the first combination, then the controller 36 

present invention in any way. creates a SBCOnd combination (instruction allocation). 

Hereinafter, exemplary resource allocation processing on Specifically, the controller 36 determines whether the first 

the intermediate code program shown in FIG. 4 will be instruction format should be adopted using the work regis- 

described with reference to the flowchart shown in FIG. 3. ters DO and Dl or the second instruction format should be 

First, in Step S301, life ranges and frequencies of refer- 20 adopted without using these two registers DO and Dl. 

ence are examined for all the variables within the basic Exemplary second combinations associated with particular 

block. In this case, only the register resources accessible in first combinations using the extended registers EO through 

the first instruction format, namely, AO through A3 and DO E7 and the registers D2 and D3 are illustrated in FIGS. 7 

through D3, are available for the register allocation. Based through 9, which will be referred to in detail later. Since the 

on the results of this examination, the variable-to-resource 25 total instruction lengths of all possible combinations are 

allocator 35 checks whether or not each of the register ultimately calculated, it does not matter which combination 

resources, accessible in the first instruction format, is avail- is selected at this point in time. 

able for allocation. In this case, the key point is not how to In Steps S305 through S307 to be described below, the 

allocate the variables to these registers, but that the register total instruction lengths of the respective second combina- 

resource allocation is performed only on the register 30 tions shown in FIGS. 7 through 9 are calculated, 

resources accessible in the first instruction format. This is Specifically, in Step S305, the total instruction length, 

because the length of an instruction defined by the first where the remaining variables are allocated to other register 

instruction format is shorter than that defined by the second resources in accordance with the first instruction format, is 

instruction format in executing the same operation. calculated. In Step S306, the total instruction length, where 

Next, in Step S302, it is determined based on the results 35 the remaining variables are allocated to other register 

of checking in Step S301 whether or not all the variables are resources in accordance with the second instruction format, 

allocable to only the register resources accessible in the first is calculated. 

instruction format. Similarly, in Step S307, the total instruction length, where 

If the answer to the inquiry in Step S302 is "YES", then the remaining variables are aUocated to memory resources, 

the variables are allocated in Step S303 only to the register 40 not the register resources, in accordance with the first 

resources accessible in the first instruction format to end the instruction format, is calculated. In this case, an address 

resource allocation processing. usable for allocating a variable to an associated memory 

In general, there are a large number of variables within a resource is assumed to be 16-bit absolute address, and a 

basic block. Accordingly, in most cases, some of the vari- transfer instruction of the variable from a memory to a 

ables cannot be allocated to the register resources accessible 45 register is assumed to be composed of 3 bytes for the sake 

in the first instruction format. If it has been determined in of simplicity. In addition, in Step S307, the total instruction 

Step S302 that not all the variables can be allocated to the length, where the remaining variables are allocated to 

register resources accessible in the first instruction format, memory resources, not the register resources, in accordance 

then the allocation of some variables to the register with the second instruction format, is also calculated. In this 

resources accessible in the first instruction format is priori- 50 case, an address usable for allocating a variable to an 

tized. Hereinafter, this prioritized allocation processing will associated memory resource is assumed to be 16-bit absolute 

be described in detail. address, and a transfer instruction of the variable from a 

FIG. 5 illustrates life ranges and frequencies of reference memory to a register is assumed to be composed of 4 bytes 

of respective variables within the basic block, which are for the sake of simplicity. 

used to determine which variables are allocable to the 55 Next, in Step S308, the total length of the instructions for 

register resources accessible in the first instruction format the entire basic block in accordance with this combination is 

According to the results shown in FIG. 5, pi and p2, which calculated based on the results of Steps S305 through S307. 

are variables referred to most frequently, are preferably The same processing is performed on all the other pos- 

allocated to the registers D2 and D3 among the registers sible combinations in Step S309. Finally, in Step S310, one 

accessible in the first instruction format. In this case, it is 60 of the combinations, resulting in the minimum length of the 

determined based on the number of accessible register instructions for the basic block, is selected, 

resources and life ranges and frequencies of reference of ' The compiler of the present invention minimizes the size 

respective variables which variables are allocated to these of a machine-executable object program by performing 

registers. Herein, since the registers DO and Dl cannot be these processing steps. This processing will be further 

used under the conditions described above, the available 65 detailed with reference to the accompanying drawings, 

register resources are D2 and D3, to which the two variables, FIG. 6 illustrates the allocation of variables to respective 

referred to most frequently, are allocated. resources in accordance with a conventional method and a 
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machine instruction program, in which respective instruc- language s8 are described in the first instruction format 
lions are assigned following the variable-to-register alloca- using the registers DO, D2 and D3 within the first register file 
tion. Specifically, in the example shown in FIG. 6, variables 220, while the other intermediate languages s2 through s7 
are sequentially allocated to some register resources acces- are described in the second instruction format using the 
sible in the first instruction format and then to the other 5 second register file 120. And this machine instruction pro- 
register resources without prioritizing the allocation of these S ram is stored on a computer-readable storage medium, 
resources. In this case, the total length of instructions for the * n th f foregomg embodiment, the respective variables pi, 
basic block is 46 bytes. P 2 ' thro ^ for . tbe b * s ' c "* ^ocated to 
FIG. 7 illustrates an exemplary allocation of variables to appropnate ones of the registers D2, D3 and E0 through E7. 

resiiective resources based on the life ranges and freouencies 10 K the number of vanables t0 be allocated to respective 

respective resources based on the lite ranges and frequencies 10 resQUrces exceeds the number of allocable register 

of reference of respective variables shown in FIG. 5 accord- resources> then {hese variables are aUocaled l0 aU of * hese 

mg to the present invention and a machine instruction ^ and m res0 urces. In such a case, the total 

program, in which respective instructions are assigned fol- length of ^1^0^ wne re variables are allocated to 

lowing the variable-to-register allocation. Specifically, in the memory resources, is calculated in Step S307 shown in FIG. 

example shown in FIG. 7, variables pi and p2 are prefer- 15 3, m allocating some of the variables to memory resources 

entially allocated to only the registers accessible in the first m this manner, the first instruction format is applied to a set 

instruction format (i.e., registers D2 and D3). In this case, 0 f instructions including a data transfer instruction by tem- 

the total length of instructions for the basic block is 42 bytes, porarily using any of the registers included in the first 

which is smaller than that shown in FIG. 6 by 4 bytes. register file 220. As a result, although the number of instruc- 

FIG. 8 illustrates another exemplary allocation of van- 20 tions increases, the total length of instructions can be short- 

ables to respective register resources according to the ened and the ultimate code size may be reduced. 

present invention and a machine instruction program asso- What is claimed is: 

ciated with the allocation. As in FIG. 7, the allocation of 1. A compiler for translating a source program, including 

variables to only the registers accessible in the first instruc- a plurality of instructions, into an object program, the 

tion formal is prioritized in FIG. 8. In the example shown in 25 compiler comprising: 

FIG. 8, however, the formats applied to some of the instruc- first instruction length calculating means for calculating a 

tions are changed from second into first. As a result, the total total len 6 tn of &e instructions where variables for the 

instruction length itself for the basic block is 44 bytes, which source program are allocated to a first type of register 

is 2 byte larger than that shown in FIG. 7. However, as can resources in accordance with a first instruction format; 

be seen by comparing respective lengths of machine instruc- 30 m ^ 

tions between FIGS. 7 and 8 on an individual intermediate second instruction length calculating means for calculat- 

language basis, the lengths of machine instructions for the a total length of the instructions where the variables 

intermediate languages si and s8 are shorter in FIG. 8 than are allocated to a second type of register resources in 

in FIG. 7 by one byte. This is because these intermediate accordance with a second instruction format, the length 

languages si and s8 both include an instruction described in 35 of one instruction defined by the second instruction 

the first instruction format. In this example, the variables pi format being different from that defined by the first 

and p2, which are referred to relatively frequently, are instruction format, 

allocated to the registers D2 and D3 within the first register wherein the variables are allocated to respectively appro- 
file 220 in the intermediate language si. The variable tl, priate ones of the register resources based on the results 
which is used with these variables pi and p2, is also 40 of calculation derived by the first and second instruc- 
allocated temporarily to the work register DO within the first tion length calculating means, 
register file 220. Accordingly, the instructions mov D2,D0 2. The compiler of claim 1, further comprising third 
and add D3,D0 are each described in the first instruction instruction length calculating means for calculating a total 
format with one byte. length of the instructions where the variables are allocated to 

FIG. 9 illustrates an ultimate allocation of variables to 45 memories, 

register resources and a machine instruction program in wherein the variables are allocated to respectively appro- 

which the assignment of instructions has been optimized priate ones of the register resources based on the results 

based on the results shown in FIGS. 7 and 8. In FIG. 9, each of calculation derived by the first, second and third 

intermediate language is selected to have the shorter instruction length calculating means, 

machine instruction length from the two types of interme- 50 3. The compiler of claim 1, wherein the variables are 

diate languages shown in FIGS. 7 and 8. Specifically, the allocated to respectively appropriate ones of the register 

intermediate languages s2 through s7 shown in FIG. 7 are resources to make an ultimate total length of the instructions 

selected as the counterparts in FIG. 9, and the intermediate as short as possible based on the results of calculation 

languages si and s8 shown in FIG. 8 are selected as the derived by the first and second instruction length calculating 

counterparts in FIG. 9. Although the intermediate languages 55 means. 

s2 and s3 shown in FIG. 7 have the same machine instruction 4. The compiler of claim 1, wherein the first type of 

length as the counterparts shown in FIG. 8, those shown in register resources are included in the second type of register 

FIG. 7 are selected. This is because processing can be resources. 

performed faster in such a case since the number of instruc- 5. The compiler of claim 4, wherein the length of one 

tions is smaller in FIG. 7 than in FIG. 8. As a result, the total 60 instruction defined by the first instruction format is shorter 

code size is even smaller in FIG. 9 than in FIG. 7 by 2 bytes. than that defined by the second instruction format. 

In this manner, a machine instruction program with the 6. The compiler of claim 1, wherein some of the variables 

smallest code size is produced for the intermediate language for the source program, which are referred to relatively 

program shown in FIGS. 3 and 4. frequently, are preferentially allocated to the first type of 

In the machine instruction program shown in FIG. 9, the 65 register resources accessible in the first instruction format, 

instructions mov D2,D0 and add D3,D0 of the intermediate 7. The compiler of claim 6, wherein in manipulating some 

language si and the instruction add 5,D0 of the intermediate of the variables for the source program, which have been 
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allocated to the first type of register resources, the manipu- 
lation is described preferentially in the first instruction 
format. 

8, The compiler of claim 6, wherein some of the variables 
for the source program, which are referred to relatively 
frequently, and other variables used along with the former 
variables are preferentially allocated to the first type of 
register resources. 

9. A system for minimizing the code size of an object 
program executable on a computer, the object program 
having been translated from a source program using a 
compiler, the source program including a plurality of 
instructions, the compiler comprising: 

first instruction length calculating means for calculating a 
total length of the instructions where variables for the 
source program are allocated to a first type of register 
resources in accordance with a first instruction format; 
and 

second instruction length calculating means for calculat- 
ing a total length of the instructions where the variables 20 
are allocated to a second type of register resources in 
accordance with a second instruction format, the length 
of one instruction defined by the second instruction 
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format being different from that defined by the first 
instruction format, 
wherein the variables are allocated to respectively appro- 
priate ones of the register resources based on the results 
of calculation derived by the first and second instruc- 
tion length calculating means, 
10. A computer-readable storage medium having stored 
thereon an object program that has been translated using a 
compiler from a source program including a plurality of 
instructions, 

wherein the object program includes not only instmctions 
described in a first instruction format using a first type 
of register resources, but also instructions described in 
a second instruction format using a second type of 
register resources, the length of one instruction defined 
by the second instruction format being different from 
that denned by the first instruction format, and 

wherein each said instruction is identified as being in the 
first or second instruction format by a value in a 
particular field in the instruction. 



